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INTRODUCTION
I t  i s  w ith  some d i f f id e n c e  th a t  I  p r e sen t a t h e s i s  
on chem otherapy in  1954, th e  y ea r  w hich marks th e  cen tenary  
o f  th e  b ir t h  o f  Paul E h r lic h . I t  was he who co in ed  th e  word 
chem otherapy t o  d en ote  th e  u se  o f  a s p e c i f i c  chem ical su b stan ce  
fo r  th e  trea tm en t o f  human d is e a s e .  He f i r s t  used th e  term in  
c o n n e c tio n  w ith  an attem pt to  t r e a t  m alaria  w ith  m ethylene  
b lu e .  Encouraged by th e  su c c e s s  o f t h i s  experim ent he went on 
to  se ek  a remedy fo r  tr y p a n o so m ia s is . He con ceived  th e  id ea  o f  
exp erim en tin g  w ith  a t o x ic  su b stan ce  l ik e  a r se n ic  and so modi­
fy in g  i t  th a t  i t  would k i l l  th e  p a r a s ite s  and y e t  le a v e  th e  
h o s t* s  t i s s u e s  unharmed. T h is le d  to  h is  d isc o v e r y  in  1910 o f  
sa lv a r s a n , l a t e r  c a l le d  arsphenam ine, The s ig n a l  su c c e ss  o f  
t h i s  drug in  th e  trea tm en t o f  both  tryp an osom iasis  and s y p h i l i s  
l a id  th e  fo u n d a tio n  o f  th e  modern s c ie n c e  o f  chem otherapy.
The se a rc h  fo r  o th er  chem otherapeutic a gen ts continu ed  
but th e r e  was an in t e r v a l  u n t i l  1935 when c l i n i c a l  r e p o r ts  o f  a 
new drug, P r o n to s i l  Red, were p u b lish ed  by Domagk in  Germany.
In th e  same year  th e  two T refo u ^ ls  and N i t t i  and Bovet a t  th e  
P asteu r  I n s t i t u t e  showed th a t  th e  p art o f th e  P r o n to s i l  m olecu le  
w hich co n ferred  i t s  s t a in in g  p r o p e r tie s  was n ot e s s e n t ia l  fo r  
i t s  th e r a p e u t ic  pow ers. By rem oving t h i s  p o r tio n  th ey  produced
2th e  c h e m ic a lly  s im p ler  su b sta n ce , su lp h a n ila m id e , w hich was 
th e  a c t iv e  p o r t io n  o f  P r o n to s i l .  S u b seq u en tly , d e r iv a t iv e s  
o f  su lp h a n ila m id e  were su n th e s is e d  w ith  g r ea ter  a n t ib a c te r ia l  
a c t i v i t y  and l e s s  t o x i c i t y .  In  1941 su lp h a d ia z in e  was produced 
and th e  p o ten cy  and freedom  from to x ic  e f f e c t s  o f t h i s  drug 
make i t  one o f  th e  most w id e ly  used sulphonam ide compounds.
The n ex t advance came w ith  th e  in tr o d u c tio n  o f a n t i ­
b i o t i c s  fo r  th e  treatm en t of in f e c t io n .  The s to r y  o f F lem in g’s 
d is c o v e r y  o f  p e n i c i l l i n  i s  w e l l  known. In 1929 he n o tic e d  th a t  
a mould w h ich  had a c c id e n ta l ly  f a l l e n  on one o f h is  c u ltu r e  
p la t e s  was c a u s in g  d i s s o lu t io n  o f  th e  s ta p h y lo c o c c i in  i t s  
neighbourhood . He r e a l i s e d  th a t  th e  mould, which he la t e r  
i d e n t i f i e d  as P e n ic i l l iu m  notatum , was s e c r e t in g  a su b stan ce  
w hich was l e t h a l  to  b a c te r ia . T h is su b stan ce he c a l le d  p e n i­
c i l l i n .  I t  was n ot u n t i l  e le v e n  years l a t e r ,  however, th a t  
p e n i c i l l i n  was s u f f i c i e n t l y  con cen tra ted  and p u r if ie d  by 
F lo r ey  and h i s  co-w orkers a t  Oxford so th a t  i t s  c u r a tiv e  pro­
p e r t ie s  in  human in f e c t io n s  cou ld  be dem onstrated .
The su c c e s s  of p e n i c i l l i n  led  to  an in te n s iv e  sea rch  
fo r  o th er  su b sta n ces  w ith  a n t ib io t i c  p r o p e r t ie s .  The s tr u g g le  
fo r  s u r v iv a l  in  th e  world of m icroscop ic  organism s had been  
r e c o g n ise d  fo r  many y e a r s . The term  tfa n t i b io s i s ” to  denote  
th e  o p p o s it io n  o f  one l i v i n g  organism  to  the l i f e  o f another
3organism  had been  in trod u ced  by Vuillem Ln in  1889 who c a l le d  
th e  a c t iv e  p a r t ic ip a t o r  th e  " a n t ib io t ic ” . In  1941 Waksman r e ­
in tro d u ced  th e  word to  d e s ig n a te  th e  chem ical su b stan ce  pro­
duced by m icro-organ ism s w hich cou ld  in h ib i t  or even d estro y  
o th er  m icro -organ ism s.
A n t ib io t ic  su b sta n ces  are produced m ainly from th r e e  
ty p e s  o f  m icro -organ ism s. T hese a r e , in  ascen d in g  order in  
th e  b i o l o g i c a l  s c a l e ,  th e  b a c te r ia ,  th e  actinom yces and th e  
m oulds. Prom b a c t e r ia ,  b a c i t r i c i n ,  t y r o th r ic in  and polym ixin  
have been  o b ta in ed  b u t, becau se  o f  t h e ir  h ig h  t o x i c i t y ,  th ey  
are  o f  l im ite d  chem otherapeutic  u s e . P e n ic i l l i n  i s  th e  on ly  
im portant a n t i b io t i c  w hich has been d isco v ered  from th e  m oulds. 
The f i r s t  o b se r v a tio n  on th e  actinom yces was made in  1917 by 
G-rieg-Sm ith in  A u s tr a lia .  He n o t ic e d  th a t  some organism s grown 
from th e  s o i l  had th e  power o f  in h ib i t in g  th e  growth o f  c e r ta in  
b a c t e r ia .  Waksman chose th e  actin oraycetes as b e in g  th e  most 
p rom isin g  so u rce  o f  a n t i b io t i c s .  He examined a la r g e  c o l l e c t io n  
o f  s to c k  c u ltu r e s  and e v e n tu a lly  found one s p e c ie s ,  th e  S trep -  
tom yces g r is e u s ,  w hich had p o ten t a n t ib a c t e r ia l  a c t i v i t y .  In  
1944 he su cceed ed  in  i s o l a t i n g  t h i s  new a n t ib io t i c  which he 
c a l le d  s tr ep to m y c in .
T h is provided  a great stim u lu s fo r  th e  sy stem a tic  
sc r e e n in g  o f  s o i l s  fo r  o th er  organism s w ith  a n t ib io t i c
4p r o p e r t ie s .  In  th e  post-w ar p er iod  e x te n s iv e  r e se a r c h  programmes 
were drawn up and innum erable s o i l  sam ples from a l l  over th e  
w orld were se n t  t o  la b o r a to r ie s  fo r  m y co lo g ica l I n v e s t ig a t io n .  
Nowadays an e la b o r a te  r o u t in e  preced es th e  in tr o d u c tio n  o f  a 
new a n t i b i o t i c .  Fungi grown from th e  s o i l  are t e s t e d  fo r  a n t i ­
b i o t i c  a c t i v i t y  a g a in s t  v a r io u s path ogen ic  organism s. In  order  
to  stu d y  th e  s p e c i f i c  n a tu re  o f  th e  a c t iv e  a gen t, th e  fu n g i which  
seem p rom isin g  are  grown in  q u a n tity  to  get s u f f i c i e n t  a n t ib io t ic  
in  a sem i-p u re  form . Should t h i s  su b stan ce  n ot be a lread y  known 
i t  i s  s tu d ie d  fo r  i t s  t o x i c i t y  in  an im a ls. I f  i t  p a sses  t h i s  
t e s t  s a t i s f a c t o r i l y  th e  fungus i s  th en  grown in  la r g e r  q u a n t it ie s  
fo r  r ec o v er y  and p u r i f ic a t io n  o f th e  a n t ib io t i c  su b sta n ce . In  
i t s  pure form  th e  su b sta n ce  undergoes pharm acolog ica l t e s t in g  
in  v i t r o  and in  anim als b e fo r e  b e in g  used to  t r e a t  experim ental 
anim al i n f e c t i o n s .  Only a f t e r  s a t i s f a c t o r y  r e s u l t s  from th e se  
experim en ts i s  th e  a n t ib io t i c  ready fo r  c l i n i c a l  t r i a l s  in  human 
i n f e c t i o n s .
As a r e s u l t  o f  t h i s  system , over th r ee  hundred a n t i ­
b i o t i c s  have been d isc o v e r e d  but on ly  about a dozen are o f  
c l i n i c a l  v a lu e . T hree o f  th e  most o u ts ta n d in g  o n es, c h lo r ­
am phen icol, aureom ycin and terram ycin  are  used in  th e  p resen t  
in v e s t ig a t io n s .  C hlorom ycetin  was i s o la t e d  from Streptom yces 
v e n e zu e la e  by John E h r lic h  and h is  co-w orkers in  1947, and
5aureom ycin from Strep tom yces a u r e o fa c ien s  by B.M.Duggar in  
1948 . In  1950 a team o f  workers le d  by Gladys L. Hobby found 
th a t  S trep tom yces rim osus produced a new a n t ib io t i c  w hich they  
c a l le d  terra m y c in .
Once an a n t ib io t i c  has been d isco v ered  b io ch em ists  
determ ine i t s  ch em ica l s tr u c tu r e  so th a t  th e  su b stan ce can be 
s y n th e s is e d . T h is lea d s  to  th e  developm ent o f  methods s u ita b le  
fo r  i t s  com m ercial p ro d u ctio n . In 1949 C o n tro u lis , R ebstock  
and Crooks d isc o v e r e d  th e  ch em ica l c o n s t i tu t io n  o f  Chlorom ycet­
in  and d e sc r ib e d  a method fo r  i t s  com m ercial p rod u ction . The 
tr a d e  name C hlorom ycetin  was r e g is te r e d  by Park D avis and Co. 
and th e  name ch loram p h en ico l was su b seq u en tly  used as the gen­
e r ic  name. In  August 1952 th e  chem ical s tr u c tu r e  o f terram ycin  
was e lu c id a te d  and th e  d e s c r ip t iv e  chem ical name g iven  i t  was 
o x y t e t r a c y c l in e .  The corresp on d in g  name fo r  aureomycin i s  
c h lo r t e t r a c y c l in e  show ing th a t  th e s e  two drugs are c lo s e ly  r e ­
la t e d  c h e m ic a lly . The chem ical names are now th e  o f f i c i a l  de­
s ig n a t io n s  fo r  th e s e  a n t ib io t i c s  and t h e ir  o r ig in a l  names are  
th e  tradem arks o f  th e  la b o r a to r ie s  in  which they  were d isc o v e r ­
ed . Thus th e  tr a d e  mark o f  L ederle L ab oratories fo r  c h lo r ­
t e t r a c y c l in e  i s  Aureomycin and th a t  o f  C harles P f iz e r  and Co. 
fo r  o x y te tr a c y c l in e  i s  T erram ycin. For th e  sake o f  s im p lic ity  
th e  fa m il ia r  p r o p r ie ta r y  names are used fo r  th e se  two a n tib io tic s
6throughout t h i s  s tu d y .
In  September 1951, when I  was a house p h y s ic ia n  in  
Knightswood H o s p ita l ,  B r.A nderson , C on su ltan t in  I n f e c t io u s  
D ise a se s  t o  th e  h o s p i t a l ,  was g iv e n  by Dr.Hobby a su p p ly  o f  
terram ycin  w hich a t  th a t  tim e was th e  l a t e s t  a n t i b i o t i c .  An 
attem pt to  e v a lu a te  t h i s  drug c l i n i c a l l y  forms th e  b a s is  o f  
th e  p r e se n t  work.
In  th e  f i r s t  p la c e  th e  v a lu e  o f  a new drug must be 
proved in  th e  trea tm en t o f  human d is e a s e .  A cco rd in g ly  a con­
t r o l l e d  th e r a p e u tic  t r i a l  o f  terram ycin  in  pneumonia was 
c a r r ie d  out and t h i s  forms th e  f i r s t  p art o f  th e  s tu d y . I f  a 
drug i s  t o  e s t a b l i s h  a permanent p la c e  in  th e r a p e u t ic s  i t  must 
be r e l a t i v e l y  n o n -to x ic  to  th e  p a t ie n t .  I f  a drug has s e r io u s  
t o x ic  e f f e c t s  on th e  h o st th e n , i r r e s p e c t iv e  o f  i t s  e f f i c i e n c y  
in  a t ta c k in g  and d e s tr o y in g  th e  i n f e c t in g  organism , i t s  u se  as 
a c l i n i c a l  agent w i l l  have to  be abandoned. The s i d e - e f f e c t s  
o f  terram ycin  in  th e  pneumonia p a t ie n t s  were th e r e fo r e  c a re ­
f u l l y  exam ined. Furtherm ore, to  ga in  a w ider e x p e r ien ce  o f  th e  
s i d e - e f f e c t s  o f  a n t i b io t i c s  th e  scope o f  th e  in v e s t ig a t io n  was 
en la rg ed . W hile th e  th e r a p e u tic  t r i a l  was in  p r o g r ess  I was 
a ls o  in  charge o f  a ward o f  p a t ie n t s  s u f f e r in g  from pulmonary 
tu b e r c u lo s is  and th r e e  groups o f  t h e s e  p a t ie n t s  were g iv en  a 
cou rse  o f  ch loram p h en ico l, aureom ycin or terram ycin . A stu dy
7o f  th e  c l i n i c a l  s i d e - e f f e c t s  o f  th e  a n t i b io t i c s  in  b o th  th e  
pneumonia and tu b e r c u lo s is  p a t ie n t s  forms th e  second p a rt o f  
th e  work.
I t  i s  w e l l  known th a t  ch loram p h en ico l, aureom ycin  
and terram ycin  have a w ide range o f  a n t ib a c t e r ia l  a c t i v i t y ,  
hence th e  d e s c r ip t iv e  name nbroad-spectrum ” a n t i b i o t i c s .  When 
su ch  drugs are used fo r  th e  trea tm en t o f  i n f e c t i o n ,  not on ly  
th e  s p e c i f i c  organism  r e s p o n s ib le  fo r  th e  in f e c t io n  but a l l  th e  
s e n s i t i v e  organism s in  th e  b a c t e r ia l  f lo r a  o f  th e  r e s p ir a to r y  
and a lim en ta ry  t r a c t s  are  e lim in a te d . T h is e f f e c t  on th e  
m ic r o flo r a  i s  anoth er typ e  o f  s id e  r e a c t io n  w hich a n t ib io t i c s  
may produce. A stu d y  o f  th e  change in  th e  m ic r o f lo r a  o f  th e  
sputum, th r o a t  and rectum  w hich occurred  d u rin g  a n t ib io t i c  
therap y form s th e  th ir d  p a r t o f  th e  work. The u su a l r e l a t io n ­
sh ip  betw een man and h is  b a c t e r ia l  f l o r a  i s  one o f  coramensal- 
ism , th a t  i s ,  th e  organism s l i v e  in  e q u ilib r iu m  w ith  th e  h o st  
w ith ou t c a u s in g  th e  d e le t e r io u s  e f f e c t s  c h a r a c t e r i s t i c  o f  para­
s i t i s m . Man may n ot l i v e  so equab ly , how ever, w ith  th e  m icro­
f lo r a  l e f t  him by a n t ib io t i c  th era p y . In  th e  fo u r th  p art o f  
the stu d y  th e  s ig n i f ic a n c e  o f  th e  a l t e r a t io n  in  th e  m ic r o flo r a  
i s  d is c u s s e d , w ith  s p e c ia l  r e fe r e n c e  to  i t s  b e a r in g  on th e  
c l i n i c a l  s i d e - e f f e c t s  o f  th e  a n t i b i o t i c s .
The fo l lo w in g  ch ap ter  d e s c r ib e s  th e  
th e r a p e u tic  t r i a l  o f  terra m y cin .
In  th e  f i r s t  s e c t io n  th e  r e s u l t s  
o b ta in ed  In th e  trea tm en t o f pneumonia are  g iv e n  
and d is c u s s e d . The pneumonia s e r i e s  o f  p a t ie n t s  
in c lu d ed  two groups, one c o n s i s t in g  o f  c a se s  
tr e a te d  w ith  terram ycin  and th e  o th er  o f  th e  
c o n tr o l  c a s e s .
In  th e  second s e c t io n  th e  e f f e c t  o f  
terram ycin  on th e  c o u rse  o f  th e  v ir u s  in f e c t io n  
h erpes s im p le x , w hich  commonly accom panies pneu­
monia, i s  exam ined.
9CHAPTER I .
THERAPEUTIC TRIAL OF TERRAMYCIN
S e c t io n  1 . PNEUMONIA
The terra m y cin , i t  was c o n s id e r e d , cou ld  b e s t  be used  
in  t r e a t in g  p a t ie n t s  s u f f e r in g  from pneumonia. D e s p ite  improved 
methods o f  tr e a tm e n t, pneumonia in  th e  e ld e r ly  p a t ie n t  rem ains 
a dangerous in f e c t io n  and c o n seq u en tly  th e  m a jo r ity  o f  pneumonia 
p a t ie n t s  se e n  in  h o s p i t a l  b e lo n g  to  th e  o ld er  age group. A l­
though modem th erap y  has reduced  th e  g r a v ity  o f  t h i s  i l l n e s s  in  
younger p erson s to  such an e x te n t  th a t  most can be s a t i s f a c t o r i ­
ly  t r e a te d  a t  home, in  Glasgow th e  problem  o f  overcrow ding f r e ­
q u en tly  ren d ers th e  ca re  o f  a s ic k  person  in  th e  home im p r a c ti­
c a b le .  Many c a se s  have to  be removed to  h o s p i t a l  and con seq u en t­
l y ,  in  th e  c i t y  fe v e r  h o s p i t a l s ,  pneumonia p a t ie n t s  account fo r  
a h ig h  p ro p o rtio n  o f  c a se s  adm itted  fo r  trea tm en t o f  an acu te  
in f e c t io n .
In  e s t im a t in g  th e  v a lu e  o f  terram ycin  in  th e  treatm en t  
o f  pneumonia, th e  r e s u l t s  o f  th erap y  in  two groups o f  p a t ie n ts  
had to  be compared. I t  was d ec id ed  th a t  one group would be 
tr e a te d  w ith  terram ycin  and th e  o th e r , as s im ila r  to  th e  f i r s t  
group as p o s s ib le ,  would be th e  c o n tr o l group. In  s e l e c t in g  
th e  treatm en t fo r  th e  c o n tr o l  p a t ie n t s  i t  was thought i t  would 
be h e lp fu l  to  compare t h i s  new est a n t ib io t i c  w ith  one o f  th e
10
f i r s t  o f  th e  ch em oth erapeutic  a g e n ts , namely th e  su lphonam ides.
When th e  sulphonam ides came to  be w id e ly  used in  th e  
treatm en t o f  b a c t e r ia l  i n f e c t io n s ,  nowhere more than  in  pneu­
monia was t h e ir  v a lu e  more pronounced. They were indeed con­
s id e r e d  to  be s p e c i f i c  fo r  pneumonia. H ith e r to  th e  r eco v ery  o f  
a p a t ie n t  from lo b a r  pneumonia had fo llo w e d  a t y p ic a l  c l i n i c a l  
c o u r se . F ever con tin u ed  and th e  p a t ie n t  was c r i t i c a l l y  i l l  un­
t i l  th e  c r i s i s  w h ich  u s u a l ly  came on th e  se v e n th  day o f  i l l n e s s .  
At th e  c r i s i s  th e  tem perature q u ic k ly  f e l l  to  normal w ith in  12 
hours and t h i s  was accom panied by dram atic c l i n i c a l  improvement. 
Treatm ent by sulphonam ides so  g r e a t ly  m od ified  th e  cou rse  o f  
the d is e a s e  th a t  c l a s s i c a l  c a se s  v/ere on ly  r a r e ly  se e n . At 
w hatever s ta g e  o f  th e  i l l n e s s  sulphonam ide was g iv e n , th e  tem­
p eratu re  f e l l  to  normal in  24 -48  hours by l y s i s ,  a lth o u g h  th e  
a c tu a l p r o c e ss  o f  r e s o lu t io n  was n ot a c c e le r a te d . Sulpha- 
p y r id in e  was accom panied f a i r l y  fr e q u e n tly  by t o x ic  e f f e c t s ,  
e s p e c ia l ly  n au sea , v o m itin g , headache, c y a n o s is  due to  m ethae- 
m oglobinaem ia and by haem aturia . I t  was soon  r ep la c ed  by a 
much l e s s  t o x ic  d e r iv a t iv e ,  s u lp h a th ia z o le .  S u lp h a d ia z in e  i s  
even l e s s  t o x ic  a lth o u g h  n o t so p o te n t  an a n t ib a c t e r ia l  drug 
as s u lp h a th ia z o le .  B ecause o f  i t s  freedom  from  t o x ic  e f f e c t s  
su lp h a d ia z in e  was chosen  as th e  c o n tr o l drug in  th e  p r e sen t  
treatm en t t r i a l .
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Anderson (1948) showed th a t  th e  sulphonam ides were 
as b e n e f i c i a l  in  th e  trea tm en t o f pneum ococcal pneumonia as 
p e n i c i l l i n  and, from a stu dy o f  8 ,0 0 0  case  record s o f lobar  
pneum onia, N o r r is  (1953) came to  th e  same c o n c lu s io n . N ever­
t h e l e s s  th e  a c t io n  o f  sulphonam ides i s  b a c t e r io s t a t ic  w h ile  
p e n i c i l l i n  in  la r g e  d oses i s  b a c t e r io c id a l .  Furtherm ore, s u l ­
phonamides are  in e f f e c t u a l  in  th e  p resen ce  o f  pus and a p a t ie n t  
w ith  a le u c o p e n ia  o f te n  does n o t respond to  t h i s  form o f  t r e a t ­
ment. C on seq u en tly , whenever i t  was con sid ered  to  be in  th e  
p a t i e n t Ts i n t e r e s t s ,  th e  c a se s  in  th e  c o n tr o l group were tr e a te d  
w ith  p e n i c i l l i n  in  a d d it io n  to  su lp h a d ia z in e .
material and methods
The C ases . The p a t ie n t s  Inclu ded  in  th e  treatm ent t r i a l  
were th e  r o u t in e  a d m ission s to  th e  male pneumonia ward in  
Khightswood H o s p ita l  du rin g  th e  p er io d  September 1951 to  
December 1952 . The s e r i e s  com prised 176 a d u lt m ales over th e  
age o f  fo u r te e n  y e a r s .  The p a t ie n t s  were a l lo c a te d  a l t e r n a te ­
ly  in  th e  order o f  t h e ir  adm ission  to  th e  two treatm en t groups. 
Only p a t ie n t s  whose pneumonia was confirm ed r a d io lo g ic a l ly  have 
been in c lu d e d  in  th e  f i n a l  a n a ly s is .  T w en ty -six  p a t ie n ts  in  
whom th e  pneumonia was n o t confirm ed have been exclu d ed . The
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rea so n s fo r  t h e ir  e lim in a t io n  are shown in  T ab le  1. T h is  
TABLE 1. -  REASONS FOR EXCLUSION OF CASES FROM THE PINAL ANALYSIS.
PINAL DIAGNOSIS
NUMBER OP CASES
Terramycin Group Control Group
Bronchitis (chest X-ray clear) 4 5
Acute exacerbation of Chronic 
Bronchitis 1 3
Bronchiectasis 2 2
Pulmonary Collapse 2 1
Pleural Effusion 1 1
Bronchial Carcinoma 1 1
Pulmonary Tuberculosis 1 1
T O T A L 12 14
le a v e s  a t o t a l  o f  150 c a se s  in  th e  pneumonia s e r ie s  o f  whom 75 
were in  th e  terram ycin  gpoup and 75 in  th e  c o n tr o l group.
I n v e s t ig a t io n s .  (a) C l in ic a l ;  The p a t ie n t  was f i r s t  seen
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in  th e  ambulance by th e  r e c e iv in g  d o c to r . I f  he was d e sp er a te ­
l y  i l l  r e s u s c i t a t io n  w ith  oxygen and n iketham ide was s ta r te d  
a t  once on a r r iv a l  in  th e  ward. O therw ise he was g iven  a 
b la n k e t b a th  on ad m ission  and examined by th e  d octor  h a l f  an 
hour l a t e r .  The p a t ie n t  was f i r s t  asked i f  he had been g iven  
any trea tm en t p r io r  to  ad m ission . A p a t ie n t  was con sid ered  to  
have had in ad eq u ate  chemotherapy i f  he had had l e s s  than 6g o f  
sulphonam ide or o n ly  one in j e c t io n  o f  p e n i c i l l i n .  Only p a t ie n ts  
who were in  t h i s  c a teg o ry  or who had r e c e iv e d  no p rev io u s chemo­
th erap y  were in c lu d e d  in  th e  s e r i e s .  Each p a t ie n t  was q u e s t io n ­
ed about th e  mode o f o n se t o f  th e  i l l n e s s  and th e  day on which  
th e  v a r io u s  symptoms appeared. A r o u tin e  c l i n i c a l  exam ination  
o f  each  sy stem  was then  c a r r ie d  o u t. I f  th e  p a t i e n t Ts h is to r y  
and c l i n i c a l  exam in ation  were in  k eep in g  w ith  th e  d ia g n o s is  o f  
pneumonia he was adm itted  to  th e  t r i a l  s e r i e s .
Each p a t ie n t  had an X -ray o f  c h e st  tak en  on th e  day 
a f t e r  ad m ission  and t h i s  was rep ea ted  a t  w eekly in t e r v a ls  during  
h is  s ta y  in  h o s p i t a l .  When a p a t ie n t  was d isch arged  b e fo re  r e ­
s o lu t io n  was com plete on r a d io lo g ic a l  exam in ation , he was asked  
to  r e p o r t  a t  w eek ly  in t e r v a ls  u n t i l  th e  c h e st  X -ray was c le a r  or 
showed o n ly  r e s id u a l  p le u r a l th ic k e n in g .
(b) Laboratory: Prom each p a t ie n t  on adm ission  a s p e c i­
men o f  sputum was c o l l e c t e d  in to  a s t e r i l e  p e t r i  d is h  and 10ml
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o f  b lood  were withdrawn from th e  arm hy venepuncture. F iv e  ml 
were in j e c t e d  in to  a b o t t l e  c o n ta in in g  s t e r i l e  broth  and 2ml 
w ere mixed w ith  20ml o f  m elted  agar to  make a pour p la t e .  A l l  
c u ltu r e  m edia co n ta in ed  0'.5# o f  paraam inobenzoic a c id  to  coun­
t e r a c t  th e  in h ib ito r y  e f f e c t  o f  any sulphonam ide g iven  b e fo re  
a d m iss io n . The rem ainder was put in  a sm a ll b o t t l e  c o n ta in in g  
h ep a r in . T hese specim ens were taken a t  once to  th e  la b o r a to ry .
A d ir e c t  f i lm  o f  th e  sputum was s ta in e d  by Z e i l -  
N e e ls e n !s method and a sea rch  made fo r  tu b e r c le  b a c i l l i .  The 
sputum was th e n  e m u ls if ie d  w ith  5ml o f  s t e r i l e  b ro th , a lo o p fu l  
in o c u la te d  on to  a b lood  agar p la t e  and 2ml in je c te d  in to  a 
m ouse. The l a t t e r  procedure was c a r r ie d  out w ith  th e  purpose  
o f  r e n d e r in g  any pneum ococci ty p a b le . The p la te  was examined 
a t  24 hours and a ga in  a t 48 hours fo r  growth o f  organism s. When 
th e  mouse d ie d , u s u a l ly  w ith in  48 hou rs, i t s  p e r ito n e a l  f lu id  
was examined fo r  pneum ococci. The b lood c u ltu r e  b o t t l e  and th e  
pour p la t e  were in cu b ated  a t 37°c  and examined d a i ly  fo r  te n  
days fo r  grow th o f  organ ism s. The pour p la t e  was used  fo r  e s t i ­
m ating th e  d egree  o f  b a c te r ia e m ia . Each co lon y  on th e  p la te  
was tak en  to  r e p r e se n t  a s in g le  organism  o r ig in a l ly  p resen t in  
th e  2ml sam ple o f  th e  p a t ie n t  !s b lo o d . The number o f  c o lo n ie s  
a p p earin g  on th e  pour p la t e  were counted and h a l f  t h i s  f ig u r e  
gave th e  number o f  c o lo n ie s  p r e se n t per ml o f  c ir c u la t in g  b lood .
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As f a r  a s  p o s s ib le  th e  s e r o lo g ic a l  ty p e  o f th e  pneumococcus 
i s o l a t e d  from th e  sputum or b lood  o f  each p a t ie n t  was d e te r ­
m ined. The la b o r a to r y  had a supp ly  o f  ty p in g  sr ea  fo r  pneumo­
c o c c i  ty p e s  1 t o  4 2 . Prom th e  h e p a r in ise d  b lood  a w h ite  c e l l  
count was done and f i lm s  were made on w hich, a f t e r  s t a in in g  
w ith  Leishm anTs s t a in ,  a d i f f e r e n t i a l  w h ite  c e l l  count was done. 
The specim ens o f  sputum and blood were c o l le c t e d  by th e  r e c e iv ­
in g  d o c to r  who a ls o  d id  th e  w h ite  c e l l  and d i f f e r e n t i a l  co u n ts . 
The su bseq uent exam in ation s o f  th e  sputum and b lood  c u ltu r e s  
were c a r r ie d  out by th e  se n io r  la b o ra to ry  te c h n ic ia n .
T reatm en t. (a) Symptomatic: In  th e  ca se  o f p a t ie n t s  who
com plained o f  p le u r a l  p a in , a hot k a o lin  p o u lt ic e  was a p p lied  
to  t h e  c h e s t .  On th e  f i r s t  n ig h t  in  h o s p ita l  each p a t ie n t  was 
g iv e n  2dr o f  syrup o f  c h lo r a l  and t h i s  was rep ea ted  on th e  f o l ­
low in g  n ig h t s  i f  th e  p a t ie n t  had in som n ia . I f  th e  syrup o f  
c h lo r a l  proved i n e f f e c t i v e  «3gr o f  b u to b a rb ito n e(S o n ery l) were 
g iv e n . D e lir iu m  d id  n ot p r e sen t a s e r io u s  problem  in  any o f  
th e  p a t ie n t s  but th e  few who were con fused  and attem pted to  get  
out o f  bed were c o n tr o lle d  w ith  paraldehyd e, 4 -8dr o r a l ly  or 
2ml in tr a m u sc u la r ly , r ep ea ted  as n e c e ssa r y . P a t ie n ts  w ith  
c y a n o s is  were g iv en  oxygen, e ith e r  by a double n a sa l c a th e te r  
or by a B .L .B . mask. C on gestive  ca rd ia c  f a i lu r e  was tr e a te d  
w ith  d i g i t a l i s  l e a f  and o th er  a p p rop ria te  m easures.
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N iketham ide (Coramine) was r e se rv e d  fo r  th e  g ra v e ly  i l l  whose 
p u ls e  was alm ost im p e r c e p t ib le ,
(b) S p e c i f ic :  Terram ycin was g iv en  o r a l ly  fo r  a p er io d
o f  f i v e  d a y s. The dosage was Ig  s ix -h o u r ly  u n t i l  th e  tem per­
a tu r e  had rem ained norm al fo r  24 hou rs, fo llo w ed  by 0 .5 g  every  
s i x  h o u rs . The t o t a l  dose ranged from l l g  to  21g, th e  mean 
b e in g  1 4 .2g . The p a t ie n t s  in  th e  c o n tr o l group were g iven  2g  
su lp h a d ia z in e  a t  fo u r -h o u r ly  in t e r v a ls  fo r  th e  f i r s t  24 hours 
and i f  t h e i r  c l i n i c a l  c o n d it io n  was s a t i s f a c t o r y  t h i s  was f o l ­
lowed by l g  every  fo u r  hours fo r  a t o t a l  p eriod  o f  f i v e  d ays. 
The t o t a l  dose  v a r ie d  from 28g to  42g , th e  mean b e in g  35g .
In  th e  c o n tr o l  group 23 p a t ie n ts  were g iven  a d d it io n ­
a l  chem otherapy. I t  was co n sid ered  th a t  a p a t ie n t  had f a i l e d  
t o  respond  to  su lp h a d ia z in e  i f  h is  c o n d it io n  d e te r io r a te d  a f t e r  
ad m issio n  or i t  was f e l t  th a t  th e  d u ration  o f  fe v e r  w ith  i t s  
accom panying symptoms was becoming unduly p ro lon ged . For t h i s  
rea so n  16 p a t ie n t s  were g iven  p e n i c i l l i n  a t  vary in g  in t e r v a ls  
a f t e r  a d m iss io n , as shown in  T able 2 . P e n ic i l l i n  was g iv en  
in tr a m u sc u la r ly  in  a dosage o f 250 ,000  u n it s  or 100 ,000  u n it s  
a cco r d in g  to  th e  s e v e r i t y  o f  i l l n e s s ,  a t  fo u r -h o u r ly  in t e r v a ls  
over a p er io d  o f  f i v e  d a y s . The t o t a l  dose o f  p e n i c i l l i n  
v a r ie d  w id e ly  from 3 m il l io n  to  15 m il l io n  u n i t s .  In a d d it io n ,  
th r e e  p a t ie n t s  who were s e r io u s ly  i l l  on adm ission  were g iven
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a s in g le  dose o f 500 ,000  u n it s  b e fo re  th e  course o f  su lph a­
d ia z in e .  The rem ain ing  four p a t ie n t s  were g iv en  broad- 
spectrum  a n t i b i o t i c s .  D e t a i l s  o f  t h e ir  treatm en t w i l l  be
TABLE 2. -  REASONS FOR OASES IN SULPHADIAZINE GROUP RECEIVING- PENICILLIN.
REASON Number of Cases
Severely i l l  -  single dose of p en ic illin  on admission 3
No response to sulphadiazine in  24 hours 2
No response to sulphadiazine in  3 6 hours 6
No response to  sulphadiazine in  48 hours 4
No response to  sulphadiazine in  over 48 hours 4
T O T A L 19
found in  th e  s e c t io n  w hich d e sc r ib e s  th e  d ea th s .
I p e r s o n a lly  observed  th e  c l i n i c a l  p rogress  and had 
c o n tr o l  o f  th e  trea tm en t o f  each p a t ie n t .
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RESUHDS
A . SERIES AS A WHOLE
C r it e r ia .  In  a s s e s s in g  th e  r e s u l t s  o f  therapy th e  
fo l lo w in g  c r i t e r i a  were taken:
(a) D u ration  o f  fe v e r :  Fever was co n sid ered  to  be unduly 
pro longed  i f  th e  p a t ie n t* s  tem perature con tin u ed  to  be e le v a te d  
a f t e r  th e  f i f t h  day in  h o s p i t a l .  Of th e  150 p a t ie n ts  21 (14$) 
had f e v e r  c o n tin u in g  u n t i l  or beyond th e  f i f t h  day in  h o s p it a l .
(b) C om p lica tion s: None o f th e  co m p lica tio n s was
s e r io u s .  Only d e la y ed  r e s o lu t io n  and s t e r i l e  e f fu s io n  were 
n o te d . R e so lu t io n  was sa id  to  be delayed  i f  th e  c h e st X-ray  
was n o t c le a r  a f t e r  fo u r  weeks in  h o s p i t a l .  T h is occurred in  
23 p a t ie n t s  and 10 develop ed  a s t e r i l e  e f f u s io n ,  making a t o t a l  
o f  33 p a t ie n t s  (22$) w ith  a c o m p lic a tio n .
(c )  D eaths: There were n in e  d eaths in  the s e r ie s  g iv in g
a d ea th  r a te  o f  6$ .
E leven  p a t ie n t s  had b oth  prolonged  fe v e r  and a com­
p l i c a t i o n .  There rem ained 98 p a t ie n ts  (65$) in  th e  s e r ie s  whose 
tem p erature had su b sid ed  to  normal by th e  f i f t h  day and whose 
c o n v a le sc e n c e  was u n com p lica ted . T hese p a t ie n ts  are  h e r e a fte r  
r e fe r r e d  to  as th o se  who made a good r ec o v er y .
P ro g n o stic  F a c to r s . In  th e  f i r s t  p la c e  I propose to  ex­
amine th e  r e s u l t s  o f  therap y in  th e  l ig h t  o f th e  fa c to r s  which  
are  g e n e r a lly  co n sid er ed  to  determ ine th e  p ro g n o sis  In  pneumonia.
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The standard error  o f the d if f e r e n c e  i s  a p p lied  to  th e  r e s u l t s  
as a t e s t  o f  s ig n i f i c a n c e .  When th e  a c tu a l  d if f e r e n c e  i s  
g r e a te r  th an  th r e e  tim es i t s  standard erro r  i t  i s  regarded as 
s i g n i f i c a n t .
(a) Age: There were 100 (67$) p a t ie n ts  in  the s e r ie s  
who were over th e  age o f  40 y e a r s . In t h i s  age group were 6 
w ith  prolonged  f e v e r ,  28 who developed  a co m p lica tio n  and a l l  
th e  d e a th s . F orty -on e  p a t ie n t s ,  82$ o f th o se  under 40 years  
made a good r ec o v er y  compared w ith  57, 57$ o f th o se  over th a t  
a g e . T h is d i f f e r e n c e  i s  more than th r e e  tim es i t s  standard  
err o r  o f  1 7 .3  and i s  th e r e fo r e  s ig n i f i c a n t .  Thus, th e  age o f  
th e  p a t ie n t  i s  an im portant fa c to r  in  in f lu e n c in g  the outcome 
o f  pneum onia.
(h) D u ration  o f I l l n e s s :  In the s e r ie s  69 (46$) p a t ie n ts  j
were ad m itted  t o  h o s p ita l  a f t e r  the fo u r th  day in  th e  cou rse  o f  
t h e i r  i l l n e s s .  In  t h i s  group were 11 w ith  prolonged f e v e r ,  25 
w ith  c o m p lic a tio n s  and 6 of th e  d e a th s . T h ir ty -fo u r  p a t ie n t s ,
49$ o f  th o s e  adm itted  a f t e r  th e  fo u r th  day made a good recovery  
compared w ith  64 p a t ie n t s  (79$) who were adm itted b e fo re  th e  j
fo u r th  day. T h is d if f e r e n c e  (30$) o f  four tim es i t s  standard error : 
0:7.5) i s  s i g n i f i c a n t .  The le n g th  o f  tim e which e la p se s  between th e  
Onset o f  in f e c t io n  and th e  b eg in n in g  o f  treatm en t i s  th e r e fo r e  
im p ortan t, in c r e a s in g  as i t  does the chance of co m p lica tio n s
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and d e a th .
I t  has been su g g ested  (F lip p in  1941) t h a t ,  g e n e r a lly  
sp ea k in g , o ld  p eo p le  are adm itted  la t e r  in  th e  cou rse  o f  t h e ir  
i l l n e s s  than younger p a t ie n t s .  T h is i s  e s p e c ia l ly  so  i f  th e  
p a t ie n t  i s  n o t a wage earner as th e r e  i s  l e s s  urgency in  such  
a c a s e .  A lso , o ld  p e o p le , p a r t ic u la r ly  th o se  who l i v e  a lo n e ,  
ten d  to  n e g le c t  t h e ir  h e a lth  and d e la y  seek in g  m ed ica l a t t e n ­
t i o n .  In  th e  p r e sen t s e r i e s  th e r e  were 39 p a t ie n ts  over th e  
age o f  60 y ea rs  o f  whom 21 ( 54:%) were adm itted  a f t e r  th e  
fo u r th  day o f  i l l n e s s .  T h is p rop ortion  i s  on ly  s l i g h t l y  g rea ter  
than  th e  46$ o f  th e  s e r ie s  as a w h ole .
(c ) B a c te r io lo g y  o f  th e  Sputum: The organism  m ost f r e ­
q u e n tly  found in  th e  sputum o f  p a t ie n ts  w ith  pneumonia i s  th e  
pneum ococcus. There are many d if f e r e n t  s e r o lo g ic a l  ty p es o f  
pneum ococci but ty p e s  1 to  8 are m ainly r e sp o n s ib le  fo r  pneu­
monia o f  sudden o n s e t . Types 1, 2, 5 and 7 are most fr e q u e n tly  
a s s o c ia t e d  w ith  t y p ic a l  lob ar pneumonia and were i s o la t e d  from  
71 p a t ie n t s  in  th e  p resen t s e r i e s ,  pneumococcus typ e 2 a lon e  
a c co u n tin g  fo r  43 c a s e s .  Pneumococci ty p es 3 , 4 and 8 are  
l e s s  p r e v a le n t  and 17 p a t ie n t s  in  th e  s e r ie s  had pneumonia due 
to  one o f  th e s e  organ ism s. Pneumococci o f  ty p e s  h igh er  than 8 
may be p r e se n t in  th e  sputum o f  p a t ie n t s  who do n ot have pneu­
m onia. In  th e  s e r ie s  th e r e  were 22 p a t ie n ts  w ith  one o f  th e se
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organism s in  th e  sputum and 7 p a t ie n t s  whose sputum y ie ld e d  a 
pneumocoocus w hich cou ld  n o t be typed w ith  th e  a v a i la b le  ty p in g  
s e r a . T h ese 29 p a t ie n t s  had pneumonia b o th  on c l i n i c a l  and 
r a d io lo g ic a l  exam in ation  and an inoculum  o f  t h e ir  sputum proved  
f a t a l  t o  a m ouse. The pneum ococci which were recovered  from th e  
mouse were th e r e fo r e  regarded as th e  a e t i o l o g ic a l  pathogens o f  
pneumonia in  th e s e  p a r t ic u la r  p a t ie n t s .  There were th u s 117 
c a s e s  o f  pneum ococcal pneumonia in  th e  s e r i e s .  B a c il lu s  
f r i e d le n d e r i , S tap h y lococcu s aureus and Haemophilus in f lu e n z a e , 
organism s w hich may be commensals in  th e  sputum, were c o n s id e r ­
ed t o  be th e  a e t i o l o g ic a l  pathogens when th e y  were predominant 
in  th e  sputum and th e  c l i n i c a l  p ic tu r e  was in  k eep in g  w ith  such  
a f in d in g . There were 8 c a se s  o f  non-pneum ococcal pneumonia in  
th e  s e r i e s .
A lto g e th e r , in  125 o f  th e  t o t a l  150 c a s e s ,  b a c te r io ­
l o g i c a l  exam ination  o f th e  sputum r e v e a le d  th e  organism  regarded  
as r e s p o n s ib le  fo r  th e  pneumonia. Of th e  rem aining 25 c a s e s ,  in  
17 th e  sputum y ie ld e d  a mixed b a c t e r ia l  f lo r a  in  w hich e ith e r  
S tr e p to c o c c u s  v ir id a n s , N e is s e r ia  c a ta r r h a l is  or S tap h ylococcu s  
a lb u s was predom inant, and from 8 p a t ie n ts  a specim en o f  sputum  
was n o t o b ta in e d .
I t  i s  p o s s ib le  to  make a broad d i s t in c t io n  between  
two " b a c t e r io lo g ic a l” groups o f  c a s e s .  Those w ith  pneumococci
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ty p e s  1 to  8 may be regarded  as b e in g  in fe c te d  w ith  ’’path ogen s” 
s in c e  th e s e  organism s are r a r e ly  found in  th e  sputum apart from  
a c u te  pulmonary i n f e c t i o n .  There were 88 p a t ie n ts  in  t h i s  
group. The o th er  group c o n s is te d  o f  th e  37 p a t ie n t s  w ith  
pneum ococci o f  ty p e s  h ig h er  than 8 , B a c i l lu s  fr ied l& n d er i  
S ta p h y lo co ccu s aureus or Haemophilus in f lu e n z a e . T h ese, 
organ ism s, fo r  pu rp oses of com parison, are here  la b e l le d  ’’non­
p ath ogen s” b eca u se , a lth o u g h  p ath ogen ic  in  th e  p a t ie n ts  under 
d is c u s s io n , th e y  may a ls o  be p resen t in  th e  sputum w ith ou t  
g iv in g  r i s e  to  symptoms and s ig n s  o f  pulmonary in f e c t io n .
The group in f e c t e d  w ith  pathogens in c lu d ed  10 w ith  
prolonged  f e v e r ,  23 w ith  co m p lic a tio n s  and 2 o f  th e  d e a th s .
In  t h i s  group 61 p a t ie n t s  ( 69%)  made a good recovery  compared 
w ith  21 (57^) o f  th e  group in f e c t e d  w ith  n on -p a th ogen s. The 
d if f e r e n c e  ( 12%)  has a stan dard  erro r  o f  ± 9 . 5  and i s  th e r e fo r e  
n o t s i g n i f i c a n t . The group w ith  non-pathogens con ta in ed  6 o f  
th e  d e a th s . Thus, w h ile  a p r o p o r tio n a te  number o f  p a t ie n ts  in  
each b a c t e r io lo g ic a l  group made a good r e c o v er y , two th ir d s  o f  
th e  d ea th s occurred  as a r e s u l t  o f  in f e c t io n  w ith  a non-pat ho- 
g en ic  organism , and two th ir d s  o f th e  c o m p lic a tio n s  a ro se  in  
th o se  in fe c te d  w ith  a path ogen . The in fe r e n c e  to  be drawn from 
th e s e  f a c t s  i s  th a t  in  d eterm in in g  th e  reco v ery  o f  a p a t ie n t  
from pneumonia, th e  v ir u le n c e  o f  th e  I n f e c t in g  organism  i s  o f
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su b s id ia r y  im portance to  th e  d e fen ce  mechanisms o f  th e  h o st  
w hich en ab le  him to  overcome th e  in f e c t io n .  In  th o se  who r e ­
c o v e r , how ever, th e  m a jo r ity  o f  co m p lica tio n s a r is e  in  th ose  
in fe c te d  w ith  a p a th o g en ic  organism .
(d) B a cter ia em ia : There were 10 p a t ie n ts  w ith  a p o s i­
t i v e  b lood  .c u ltu r e  on ad m ission  g iv in g  a b a cter ia em ic  r a te  of 
6 .7 $  fo r  the s e r i e s .  The r e s u l t s  in  th e se  p a t ie n ts  were not 
good: 1 was f e b r i l e  a f t e r  f iv e  d ays, 3 develop ed  a com plica­
t io n  and 2 d ie d ;  o n ly  4 made a good r e c o v er y .
The d eg ree  o f b a c ter ia em ia  i s  a ls o  im portant. In  
7 p a t ie n t s  the pour p la te  was p o s i t i v e  and in  3 i t  was nega­
t i v e .  T hese th r e e  made a good r e c o v e r y . In two p a t ie n ts  the  
c o lo n ie s  were so  numerous in  th e  pour p la te  as to  be uncount­
a b le .  Of th o s e , one d ied  and the o th er  develop ed  a s t e r i l e  
e f f u s io n .  One p a t ie n t  w ith  90 c o lo n ie s /m l had delayed  r e ­
s o lu t io n  and one w ith  15 c o lo n ie s /m l d ie d . The rem ain ing  
th r e e  p a t ie n t s  had 5 c o lo n ie s /m l, 4 c o lo n ie s /r a l and 2 c o l ­
o n ie s /m l and th e  outcome in  them was good r e c o v e r y , pro­
longed  fe v e r  and d e layed  r e s o lu t io n  r e s p e c t iv e ly .  In  o th er  
w ords, w h ile  a l l  th e  p a t ie n t s  w ith  a n e g a t iv e  pour p la te  made 
a good r ec o v er y  o n ly  one w ith  a c a lc u la b le  number o f  c o lo n ie s
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in  th e  c ir c u la t in g  blood made a good r e c o v er y . I t  i s  o f  in ­
t e r e s t  to  n o te  th a t  th e  b acter iaem ia  in  n in e  p a t ie n ts  was due 
to  a p a th ogen ic  organism , i . e .  pneumococcus typ e  1 to  8 and in  
o n ly  one p a t ie n t  was i t  due to  a non-pat ho gen ic  organism , in  
t h i s  c a se  B a c i l lu s  fr ie d l& n d e r i. T h is shows how th e  in v a s iv e  
p ro p erty  o f  th e  pneumococcus i s  c lo s e ly  lin k ed  w ith  i t s  patho­
g e n ic i t y .  We may con clu d e  th a t  when th e  c a u sa t iv e  organism  
in  pneumonia in v a d es th e  b lood stream  in  m easurable q u a n t it ie s  
i t  in f lu e n c e s  the p ro g n o sis  fo r  th e  w orse.
( e) E x ten t o f  C o n so lid a tio n : The c o n s o lid a t io n  i s
u s u a l ly  co n fin ed  to  one lo b e  in  pneumonia hence i t s  name lobar  
pneumonia. T h is was tr u e  o f  109 c a se s  in  th e  s e r ie s  and fo r  the  
s i t e  o f  c o n s o l id a t io n  th e  r ig b t  b a sa l lo b e  was th e  commonest, 
fo llo w e d  by th e  l e f t  low er lo b e , r ig h t  upper lo b e , l e f t  upper 
lo b e  and r ig h t  m id d le  lob e  in  d escen d in g  ord er . In  15 p a t ie n ts  
th e  c o n s o l id a t io n  was lo c a l i s e d  to  a p a r t o f  a lo b e ; 26 had a 
broncho-pneum onic typ e  o f i l l n e s s  in  w hich th e  c o n so lid a t io n  
was w idespread but patchy  in  th e  lu n g s . The p ro cess o f c o n so l­
id a t io n  in v o lv e d  two or more lo b e s  in  32 p a t ie n t s .  Among th o se
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were 5 w ith  pro longed  f e v e r ,  13 w ith  co m p lica tio n s and 4 who 
d ie d . In  th o s e  p a t ie n t s  w ith  e x te n s iv e  c o n s o lid a t io n  on ly  12 
(37$) made a good r ec o v er y  compared w ith  86 (72$) o f  th o se  who 
had l e s s  than  two lo b e s  in v o lv ed  in  pneumonic c o n s o lid a t io n .
T h is d i f f e r e n c e  i s  a lm ost fou r tim es i t s  standard error o f  ±9.5  
show ing th a t  th e  area  o f  c o n s o lid a t io n  does have a b ea r in g  on 
th e  co u rse  o f  th e  d is e a s e .
( f )  Treatm ent P rior  to  Adm ission: 55 p a t ie n ts  (57$) in
th e  s e r i e s  had r e c e iv e d  chemotherapy b e fo re  adm ission  to  h os­
p i t a l .  In  t h i s  group were 6 w ith  prolonged fe v e r , 12 w ith  com­
p l i c a t io n s  and 4 who d ie d . I t  i s  o f  in t e r e s t  to  n o te  th a t  th r e e  
p a t ie n t s  w ith  a p o s i t iv e  b lood c u ltu r e  were in  t h i s  group.
T h ir ty  sev en  p a t ie n t s  (67$) made a good recovery  compared w ith  
61 (64$) o f  th o s e  who reached h o s p ita l  u n tre a ted . The c lo s e  
s im i la r i t y  o f  th e s e  f ig u r e s  in d ic a te s  th a t  th e  sm all amount o f  
chem otherapy a p a t ie n t  was a llow ed  to  have r e c e iv e d  and s t i l l  
be adm itted  to  th e  s e r i e s  had l i t t l e  e f f e c t  on h is  u lt im a te  r e ­
co v ery .
At t h i s  p o in t  th e  p a r t ic u la r  form o f chemotherapy may 
be b r i e f ly  c o n s id e r e d . Of th e  55 p a t ie n t s ,  35 had r e c e iv e d  s u l-  
phonamide in  an average amount o f  4~5g, 16 had r e c e iv e d  p e n i c i l ­
l i n  e i th e r  as a s in g le  in tram u scu lar  in j e c t io n  or a s in g le  dose  
o f  2 -5  o r a l t a b le t s  and 4 had r e c e iv e d  both  sulphonam ide and
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p e n i c i l l i n .  Of th e  20 p a t ie n t s  who had r e c e iv e d  p e n i c i l l i n  one 
had a p o s i t i v e  b lood c u ltu r e  w ith  a c a lc u la b le  co lo n y  count and 
one d ie d ;  15 (75$) made a good reco v ery  compared w ith  22 (63$) 
o f  th o s e  who had r e c e iv e d  sulphonam ide o n ly . The s im i la r i t y  o f  
th e s e  p r o p o r tio n s  su g g e s ts  th a t  p e n i c i l l i n  has l i t t l e  advantage 
over sulphonam ide.
(g) W hite C e ll  Count: I f  th e  w h ite  c e l l  count was over
1 2 ,000/cmm and th e  d i f f e r e n t i a l  count showed a preponderance o f  
polymorphs th e  p a t ie n t  was co n sid ered  to  have a l e u c o c y t o s i s .
T h is was p r e se n t  in  o n ly  81 p a t ie n t s  (54$) o f th e  s e r i e s .
Among th e  o th er  69 were 9 w ith  prolonged  fe v e r , 17 w ith  a com­
p l i c a t i o n  and 7 who d ie d . Of the leu co p en ic  p a t ie n ts  58% made 
a good r ec o v er y  compared w ith  73$ o f  th o se  w ith  a le u c o c y t o s is .  
T h is d i f f e r e n c e  i s  o n ly  tw ice  i t s  standard error  o f 17.8 and i s  
s c a r c e ly  s i g n i f i c a n t .  N e v e r th e le s s , in  th o se  who d ie d , a 
le u c o p e n ia  on ad m ission  was a grave omen.
(h) The p resen ce  o f a s s o c ia te d  d is e a s e :  In  th e  s e r ie s  64 
p a t ie n t s  (43$) were handicapped by th e  p resen ce  o f  some o th er  d is ­
e a s e . Chronic- b r o n c h it is -4 5  p a t ie n t s ,  and c a r d io -v a sc u la r  d is e a se  
13 p a t ie n t s ,  accou nted  fo r  th e  m a jo r ity . Of th e  rem ainder, 3 
p a t ie n t s  were ch ron ic  a l c o h o l i c s ,  2 had a se v er e  anaemia and 1 
had ch ro n ic  n e p h r i t i s .  T w enty-n ine (65$) o f  th e  chronic bron- 
c h i t i c s  made a good r ec o v er y  compared w ith  69 (66%) o f  th o se
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w ith ou t ch ron ic  b r o n c h it i s ,  in d ic a t in g  th a t  th e  p resen ce  o f  
u n d e r ly in g  ch ron ic  b r o n c h it is  made l i t t l e  d if fe r e n c e  to  th e  
p ro g ress  o f  th e  pneumonia. In  th e  group o f  IS p a t ie n t s ,  i . e .  
ex c lu d in g  th o s e  w ith  ch ron ic  b r o n c h it is ,  3 had prolonged fe v e r ,  
7 d evelop ed  a co m p lic a tio n  and 7 d ie d . T his group th e r e fo r e  
fa red  b a d ly ; o n ly  5 (26$) made a good recovery  compared w ith  93 
(71$) o f  th e  r e s t  o f  th e  s e r i e s .  T h is d if fe r e n c e  i s  four tim es  
i t s  stan dard  error  o f  i l 0 . 8  and i s  th e r e fo r e  s ig n i f i c a n t .  A l­
though ch ro n ic  b r o n c h it is  i s  r e l a t i v e l y  unim portant, o th er  
a s s o c ia te d  d is e a s e s  o f  w hich c a r d io -v a sc u la r  d is e a s e  i s  th e  
commonest are o f grave p r o g n o stic  im port.
TABLE 3 . -  COMPARISON OP THE TWO TREATMENT GROUPS.
PROGNOSTIC FACTORS
NUMBER OF CASES
Terramycin Group Control Group
A^e D istr ib u tion :
1 4 - 2 0  years 5 2
21 -  40 years 23 20
ifl -  60 years 28 33
61 years and over 19 20
ALL AGES 75 75
Duration o f  I l ln e s s  on Admission:
0 - 2  days 17 15
3 - 4  days 22 27
5 days and over 36 33
MEAN DURATION (DAY) 5 .0 4 .7
TABLE 3 (Continued) -  COMPARISON OF THE TWO TREATMENT GROUPS.
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PROGNOSTIC? FACTORS NUMBER OF CASES
Terramycin Group Control Group
B acterio logy o f  th e  Sputum:
Pneumococcus type 1 12 6
.t » 2 21 22
i» « jj 6 2
" " 1+ 1 1It II EJ 0 2
" » 6 0 0
it »t 7 4 4tt i. g 3 4
Pueumococcus type 1 - 8 47 u
Pneumococcus type higher than 8 12 10
Untypable pneumococcus 4 3
TOTAL PNEUMOCOCCAL 63 54
Staphylococcus aureus 1 3
Haemophilus in flu enzae 1 2
B a cillu s  friedl& nderi 0 1
Mixed b a c te r ia l growth 7 10
No sputum obtained 3 5
TOTAL 75 75
Bacteriaem ia:
Pneumococous type 1 1 cdLs. uncountable 1 90 co ls /m l.
it ” 2 1 p .p . negative 2 2 co ls/m l.
and p .p . neg.
•• rt 5 0 1 cols, uncountable
tt u 7 0 1 4  co ls /m l.
it it g 1 5 c o ls /m l. 1 p .p . negative
B a c illu s  friedl& nderi 0 1 15 c o ls /m l.
TOTAL 3 7
S it e  o f  C onsolidation:
Lobar: Right Upper Lobe 7 12
Right Middle Lobe 4 4
Right Lower Lobe 22 15
L eft Upper Lobe 4 9
L eft Lower Lobe 15 17
TOTAL LOBAR 52 57
L ocalised  to  part o f a lobe 10 5
Broncho-pneumonia 13 13
Extent o f co n so lid a tio n 1 ^ 1 9
(av . no. o f lob es) . .
p .p . s  pour p la te
TABLE 5 (Continued) -  COMPARISON OF THE TWO TREATMENT GROUPS.
PROGNOSTIC FACTORS NUMBER OF CASES
Terrau\ycin Group Control Group
Treatment prior to Admission:
Sulphonamide 19 16
P en ic illin 8 8
Sulphonamide + P en ic illin 0 4
TOTAL TREATED 27 28
White Cell Count:
Leucocytosis present 38 43
Associated Disease:
Chronic bronchitis 21 24
Cardio-vascular disease 8 5
Chronic alcoholism 1 2
Anaemia 0 2




Terramycin Group Control Group
Duration of Primary Pyrexia:
Less than 24 hours 21 14
24 -  48 hours 30 25
2 - 5  days 12 22
5 - 7  days 6 4
1 - 2  weeks 2 7
Over 2 weeks 2 0
TOTAL n7 3£f3 r 72 **
Average duration (hours) 60 70
Complications:
Delayed resolution 11 12
S ter ile  effusion 5 5
Average time for resolution (weeks) 2.8 3.0
Deaths: 3 6
K 2 death s o m itted . 3SE 3 deaths emitted.
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B. THE TWO TREATMENT G-ROUPS
When th e  two treatm en t groups are examined to  d isco v e r  
i f  th e s e  e ig h t  p r o g n o s tic  fa c to r s  are e q u a lly  rep resen ted  in  
each i t  i s  found th a t  th e  two groups were comparable in  r e sp e c t  
o f  a g e , d u ra tio n  o f  i l l n e s s  and e x te n t  o f  c o n s o lid a t io n . P atien ts  
who had r e c e iv e d  chemotherapy b e fo r e  ad m ission , who had a le u c o -  
p e n ia  and who had an a s s o c ia te d  d is e a se  we r e  eq u a lly  d is tr ib u te d  
in  th e  two treatm en t groups (Table 3) . As regards th e  b a c te r i­
o lo g y , how ever, th e  c o n tr o l group con ta in ed  s ix  o f  th e  e ig h t  
non-pneum ococcal pneumonias and seven  o f  th e  te n  c a se s  w ith  a 
b a c te r ia e m ia .
The r e s u l t s  o f th e  two methods o f treatm en t may th e r e ­
fo r e  w ith  f a ir n e s s  be compared. Any d if fe r e n c e  w hich emerges 
may j u s t i f i a b l y  be a t tr ib u te d  to  the form o f  treatm en t ra th er  
than to  a preponderance o f  poor p ro g n o stic  fa c to r s  in  one group. 
The f in d in g s  are  summarised in  T able 3 .
(a ) F ever: The tem perature f e l l  to  normal w ith in  48
hours o f  ad m ission  in  51 p a t ie n ts  (68$) tr e a te d  w ith  terram ycin  
and in  39 p a t ie n t s  (52$) who r e c e iv e d  the c o n tr o l trea tm en t.
The d if f e r e n c e  (1 6 $ ) , on ly  tw ice  i t s  standard error  o f  1 7 .9 , i s  
b a r e ly  s i g n i f i c a n t .  A com posite tem perature ch art ( f i g . l )  was 
drawn fo r  th e  two groups ta k in g  th e  mean o f th e  h ig h e s t  tem per­
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I t  shows a more sh a rp ly  f a l l i n g  curve in  th e  terram ycin  group. 
The average d u ra tio n  o f th e  primary p y rex ia  was 60 hours in  th e  
terram ycin  group and 70 hours in  th e  c o n tr o l group. T able 3 
shows th a t  o f  th e  21 p a t ie n t s  w ith  fe v e r  prolonged beyond the  
f i f t h  day 10 w ere in  th e  terram ycin  group and 11 in  th e  c o n tr o l  
grou p .
(b) C om p lica tion s: The average tim e taken fo r  r e s o lu t io n
was 2 .8  weeks w ith  terram ycin  and 3 .0  weeks w ith  th e  c o n tr o l  
tr e a tm e n t. In  th e  terram ycin  group th e re  were 11 p a t ie n ts  whose 
r e s o lu t io n  was n ot com plete a f t e r  four weeks in  h o s p ita l  and 5 
p a t ie n t s  d evelop ed  a s t e r i l e  e f fu s io n . In  the c o n tr o l group 12 
had d e la y ed  r e s o lu t io n  and 5 developed  a s t e r i l e  e f f u s io n .  In  
t h i s  r e s p e c t  th e r e fo r e  th e  two methods o f  treatm ent gave s im ila r  
r e s u l t s .
(c )  D eaths: Of the 9 deaths 3 occurred in  th e  terram ycin  
group and 6 in  th e  c o n tr o l group. The s a l i e n t  fe a tu r e s  o f  th e se  
p a t ie n t s  a re  summarised in  T able 4 and more d e t a i l s  are g iven  
b e lo w .
Case 1 . J.McL. 74 y e a r s , was adm itted  on th e  fo u r th  day o f  
i l l n e s s .  He had pneumonic c o n s o lid a t io n  throughout th e  r ig h t  
lu n g . He was a l lo c a t e d  to  th e  terram ycin  treatm ent group but 
d ied  o f  p e r ip h e r a l c ir c u la to r y  f a i lu r e  12 hours a f t e r  adm ission. 
At au top sy  a rea s  o f  su p p u ration  and n e c r o s is  were seen  in  th e
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CONSOL. BACTERIOLOGY TREATMENT P.M. COMMENTS
1.
J.MfL 74 4 N il T e rr . 2g. Yes P e rip h e ra l c ir c u ­
la to ry  f a i lu r e .  
Died in  12 hours.
2.
J.O*H 62 3 %
B.C. pos. 
pneumo. type 
1 , p .p . un­
countab le
T e rr . lg .
pen.-gm ll.u.
Yes P e rip h e ra l c irc u ­
la to ry  f a i lu r e .  
Died in  8 hours.
3.
J.R. 74 7 E xtensive 
patchy  





T e rr . 13g. 
pen, 18
m i l l .u .
No B.P, 180/100. Died 
o f c a rd iac  f a i lu r e  
in  11 days.
4.
P.M. 63 7 \  + R2
Sputum: and 
B.C. pos.B . 
f r i e d ,  p .p . 
15 c o ls /m l.
Pen. 3m01.u. 
au reo . 7g. 
s t r e p t .  9g.
Yes Poor myocardium 
Died in  5 days.
5.




10 m i l l .u ,  
t e r r .  20g.
No Suppurative pneumonia. Died 
in  15 days.
6.
H.B. 62 8 %+R2 Sputum: Staph, aureus
S.D .24g.pen.
2 m i l l .u .  
c h lo r . 12g.
No B.P. 170/120. Died in  6 days.
• 
•






m il l .u .
No B.P. 150/100. 
W.B.C. 3200/cmm. 
Died in  4  days.
8.





pen. Im ill.u . 
c h lo r . 19g.
No
B.P. 180/100.
Died of congestive  
c a rd iac  f a i lu r e .
9.






m i l l .u .
Yes Poor myocardium Died in  12 days.
^  ~ R.U.L. e tc ,  B.C. = b lood c u ltu re  p .p . = pour p la te
D. of I .  = Day of I l l n e s s ,
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r ig h t  lu n g  g iv in g  i t  a honeycomb appearance. There was m oderate 
l e f t  v e n tr ic u la r  h yp ertrop h y . Blood c u ltu r e  was n ot c a r r ie d  out 
but a swab o f  th e  lu n g  taken  a t  post-m ortem  showed Gram p o s i t iv e  
d ip lo c o c c i  on th e  d ir e c t  f i lm . These organism s, however, f a i l e d  
t o  grow on c u l tu r e .  T h is p a t i e n t ’s e x te n s iv e  pneumonia had made 
him beyond hope o f  reco v ery  on adm ission  to  h o s p i t a l .
Case 2 . J .O ’H. 62 y e a r s . This p a t ie n t ,  a ls o  in  th e  
terram ycin  group, was adm itted  on th e  th ir d  day o f  i l l n e s s .  He 
had a c o n s o l id a t io n  o f th e  r ig h t  upper lob e  w ith  a heavy bac­
te r ia e m ia  due to  pneumococcus typ e  1. The w h ite  c e l l  count was 
4800/cmm. He was moribund on adm ission  and d ied  o f  p e r ip h e r a l  
c ir c u la t o r y  f a i lu r e  8 hours l a t e r .  At au topsy  th e  r ig h t  upper 
lo b e  was firm  w ith  a y e llo w is h  c o n s o lid a t io n  and showed sm all 
a reas o f  su p p u ra tiv e  s o f te n in g  and lo c a l  a b scess  fo rm a tio n s .
The h e a r t  showed no ab n orm ality . D eath was due to  th e  over­
whelm ing pneum ococcal in f e c t io n  which had taken  e x te n s iv e  hold  
on th e  p a t ie n t  b e fo r e  h is  ad m ission .
Case 3 .  J .R . 74 y e a r s , was adm itted on th e  sev en th  day 
o f  i l l n e s s .  X -ray o f  c h e s t  showed e x te n s iv e  patchy c o n so lid a ­
t io n  in  b o th  lun g  f i e l d s .  B .P . was 180/100  and h is  p u lse  was 
s o f t  and ir r e g u la r .  The w h ite  c e l l  count was 25,000/cmm w ith  
93$ polymorphs and sputum grew pneumococcus type 10 on c u ltu r e .  
He was tr e a te d  w ith  terram ycin  l g  s ix -h o u r ly  and a f t e r  a s l ig h t
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i n i t i a l  improvement h i s  c o n d it io n  began to  d e te r io r a te .  A fter  
a t o t a l  d ose  o f  13g terram ycin  h i s  tem perature which never r o se  
above 100°P was normal but h is  g en era l c o n d itio n  was very poor 
and he had numerous c r e p ita t io n s  a t  both b a se s . A cou rse  o f  
in tram u scu lar  p e n i c i l l i n  was s ta r te d  and t h is  was continued  
u n t i l  h is  d e a th  s ix  days l a t e r .  There was no post-m ortem  and 
d ea th  was co n sid ered  to  be due to  th e  m assive pulmonary in f e c ­
t io n  superim posed on an i n e f f i c i e n t  c a r d io -v a sc u la r  system .
Case 4 .  P.M. 63 y e a r s , was adm itted  on th e  sev en th  day 
o f  i l l n e s s  w ith  c o n s o lid a t io n  o f th e  r ig h t  upper and m iddle  
lo b e s .  H is h e a r t sounds were o f  poor q u a lity  and ir r e g u la r  
and B .P . was 1 6 0 /9 0 . The w h ite  c e l l  count was 8400/cmm. Blood  
c u ltu r e  was p o s i t i v e  fo r  B a c il lu s  fr ied l& n d er i 15 c o lo n ie s /m l  
and t h i s  organism  was a ls o  cu ltu red  from the sputum. A lthough  
a l lo c a te d  to  th e  su lp h a d ia z in e  group h is  i l l n e s s  was o f such  
s e v e r i t y  th a t  he was tr e a te d  w ith  in tram uscu lar p e n i c i l l in
2 5 0 ,0 0 0  u n it s  fo u r -h o u r ly  from, ad m ission . When the b a c t e r io l ­
ogy o f  th e  sputum became known treatm ent was changed to  aureo- 
mycin l g  s ix - h o u r ly .  T here was no improvement and s tr e p to ­
mycin l g  fo u r -h o u r ly  was s ta r te d  tv/o days l a t e r .  His gen era l 
c o n d it io n  con tin u ed  to  d e te r io r a te ,  however, and he d ied  f iv e  
days a f t e r  a d m iss io n . At autopsy th e  the r ig h t  upper and mid 
lo b e s  showed mucoid grey h e p a t is a t io n . The h eart was enlarged
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and th e  l e f t  v e n t r ic le  was h y p ertro p h ied . Death in  t h i s  in ­
s ta n c e  was due to  th e  overwhelm ing Friedl& nder in f e c t io n  in  a 
p a t ie n t  w ith  c a r d io -v a s c u la r  in s u f f ic ie n c y .
Case 5 . P .P . 56 y e a r s , was adm itted  on th e  f i f t h  day o f  
i l l n e s s .  He had e x te n s iv e  c o n s o lid a t io n  o f  th e  r ig h t  lu n g .
The h e a r t sounds were s o f t  Hut r eg u la r  and B .P . was 1 3 0 /7 0 .
The w h ite  c e l l  count was 11,800/cmm w ith  9 3 /  polym orphs, sputum  
was n e g a t iv e  f o r  tu b e r c le  b a c i l l i  and grew Staphylococcus  
aureus on c u ltu r e .  Treatm ent was s ta r te d  w ith  su lp h a d ia z in e  
but on th e  day a f t e r  adm ission  h is  c o n d it io n  was so poor th a t  
in tra m u scu la r  p e n i c i l l i n  250 ,000  u n its  fou r h ou rly  was g iv en . 
H is tem p eratu re  rem ained e le v a te d  around 100°F and he became 
b r e a th le s s  and cyan osed . The f i r s t  X -ray o f  c h e st  showed con­
s o l id a t io n  o f th e  r ig h t  lun g  and the second X -ray, taken on ly  
one week l a t e r ,  showed th a t  c a v ita t io n  had occurred in  th e  
r ig h t  upper lo b e .  At t h i s  s ta g e  p e n i c i l l i n  and su lp h a d ia z in e  
were d isc o n tin u e d  and terram ycin  l g  s ix -h o u r ly  s ta r te d . His 
g e n e r a l c o n d it io n  con tin u ed  to  d e te r io r a te ,  tem perature rem ain­
ed e le v a te d  and th e  r ig h t  c h e s t  very  m o ist. He d ied  a f t e r  15 
days in  h o s p i t a l .  There was no autopsy but death  was alm ost 
c e r t a in ly  due to  a su p p u ratin g  s ta p h y lo c o c c a l pneumonia.
Case 6 . H.B. 62 y e a r s , a ls o  had an e x te n s iv e  pneumonia 
in  th e  r ig h t  lu n g  and a heavy growth o f S taphylococcus aureus
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in  th e  sputum. He was adm itted  on the e ig h th  day of i l l n e s s ,  
was h y p e r te n s iv e  ( B .P . 170/120) and the w h ite  c e l l  count was 
5600/cram. He was a l lo c a te d  to  th e  c o n tr o l group and treatm ent 
was s ta r te d  w ith  su lp h a d ia z in e  and p e n i c i l l i n .  Three days la t e r  
h is  g e n e ra l c o n d it io n  was f a i r  but h is  tongue was s t i l l  brown 
and d ry . The S tap h y lococcu s aureus had been shown to  be s e n s i ­
t i v e  to  p e n i c i l l i n  but because of th e  la c k  o f c l i n i c a l  improve­
ment trea tm en t was changed to  ch loram p h en ico l, a drug to  which  
a ls o  th e  organism  was s e n s i t i v e .  H is c o n d it io n  g ra d u a lly  de­
t e r io r a t e d ,  how ever, and he d ied  6 days a f t e r  ad m ission . There 
was no post-m ortem  and death  was con sid ered  to  be due to  an ex­
t e n s iv e  pneumonia occu rr in g  in  a p a t ie n t  w ith  h y p er ten sio n .
Case 7 . J .C . 54 y e a r s , was adm itted  on th e  th ir d  day o f  i l l ­
n e s s  w ith  pneumonic c o n s o lid a t io n  o f th e  r ig h t  upper lo b e . H is 
g e n e r a l c o n d it io n  was f a i r ,  B .P . 150/100, w h ite  c e l l  count 320(/cmm 
and sputum grew pneumococcus type 12 on c u ltu r e . Treatment was 
commenced w ith  su lp h a d ia z in e . T h ir ty - s ix  hours la t e r  th e  tem­
p era tu re  rem ained e le v a te d  a t  102°P and in tram uscu lar p e n i c i l l in
2 5 0 ,0 0 0  u n i t s  fo u r -h o u r ly  was g iv en . On th e  fo llo w in g  day th e  
p a t ie n t* s  g en era l c o n d it io n  became w orse , h is  co lou r  dusky and 
th e r e  were c r e p i t a t io n s  throughout th e  r ig h t  lung and a t th e  l e f t  
b a se . He d ied  fo u r  days a f t e r  ad m ission . In  th e  absence o f  an 
au top sy  th e  o n ly  known fa c to r  w hich may have con tr ib u ted  towards
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d ea th  was th e  le u c o p e n ia .
Case 8 . C.D. 62 y e a r s , had a broncho-pneumonia on ad­
m is s io n . H is g en era l c o n d it io n  was poor, p u lse  s o f t  but regu­
la r  and B .P . 1 8 0 /1 0 0 . The w h ite  c e l l  count was 32,000/cmm w ith  
89$ polymorphs and th e  sputum grew a pneumococcus which was un- 
ty p a b le . Treatm ent was s ta r te d  w ith  su lp h a d ia z in e  and p e n ic i l ­
l i n .  On th e  fo l lo w in g  day he was cyanosed and b r e a th le s s  and 
ch loram p h en ico l was g iv en . T h is was done because th e  id e n t i t y  
o f  th e  in f e c t in g  organism  was n o t c e r ta in  and i t  was f e l t  th a t  
a b road -spectrum  a n t ib io t i c  would be more e f f e c t i v e  in  com bating  
th e  i n f e c t i o n .  He responded w e l l  to  treatm en t and h is  ch est  
became c l i n i c a l l y  q u ie t .  One week la t e r  he developed  c o n g e s t iv e  
ca rd ia c  f a i l u r e .  T h is was tr e a te d  w ith  d i g i t a l i s  l e a f  and mer- 
s a l y l  w ith o u t b e n e f i t .  The oedema grad u a lly  in crea sed  and he 
d ied  a f t e r  one month in  h o s p i t a l .  Death in  t h i s  c a se  was a t t r i ­
b u ta b le  to  c o n g e s t iv e  c a rd ia c  f a i lu r e  a lthough  th e  i n i t i a l  r e ­
s p ir a to r y  in f e c t io n  d o u b tle ss  hastened  th e  o n se t o f  card iac  
f a i l u r e .
Case 9 . G-.W. 60 y e a r s , was adm itted  on th e  n in th  day o f  
i l l n e s s .  He was sh a rp ly  i l l  and had an im paired p ercu ssio n  
n o te  and crep ita tio n s a t both  b a se s . B .P . was 164/108  and p u lse  
r e g u la r . The w h ite  c e l l  count was 3000/cram and sputum y ie ld e d  
pneumococcus typ e  3 on c u ltu r e . He was tr e a te d  w ith  sulphadiazine
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supplem ented 24 hours la t e r  w ith  in tram u scu lar  p e n i c i l l i n
2 5 0 ,0 0 0  u n it s  fo u r -h o u r ly . He developed  a r ig h t  s id ed  p le u r a l  
e f f u s io n ,  became d ysp n oeic  and cyanosed and d ied  12 days a f t e r  
a d m iss io n . At au top sy  th e  r ig h t  mid and b a sa l lo b e s  and an 
area  in  th e  c e n tr e  o f  th e  l e f t  lower lob e  showed dense grey  
h e p a t is a t io n .  In th e s e  areas m u lt ip le  abscesses had c o a le sc e d  
to  produce gangrene o f  th e  lun g  w ith  much th ic k , g r ee n ish  pus. 
The h e a r t  showed c o n s id e r a b le  l e f t  v e n tr ic u la r  hypertrophy and 
th e  myocardium, areas o f  f i b r o s i s .  In t h is  p a t ie n t  b oth  th e  
ty p e  o f  pneum ococcal in f e c t io n  and th e  poor myocardium c o n tr i­
buted  tow ards d ea th .
Prom th e s e  c a se  h i s t o r i e s  i t  w i l l  be seen  th a t  a l l  th e  
p a t ie n t s  who d ie d  were over th e  age o f  50 y e a r s . Cases 1 and 2 
w ere moribund on ad m ission  and chemotherapy was in s t i t u t e d  too  
l a t e  to  be o f  any e f f e c t .  Of th e  rem aining seven , f i v e  had 
c a r d io -v a s c u la r  in s u f f i c i e n c y  as w e l l  as th e  r e sp ir a to r y  in f e c ­
t i o n .  Only in  c a se s  5 and 7 was th e  s o le  cau se  o f  death  a bac­
t e r i a l  pneumonia w hich  d id  not respond to  chemotherapy.
Therapy and Prognost i c  F a c to r s . The r e s u l t s  o f  th e  two 
methods o f  trea tm en t w i l l  now be examined w ith  regard to  some o f  
th e  Im portant p r o g n o s t ic  f a c t o r s .
(a ) Age: I n  th e  t e r r a m y c in  group th ere  were 28 p a t i e n t s
under 40 y e a rs  o f  whom 23 , 82^ made a good reco v ery , 28 p a t ie n ts  
be tw een  th e  ag es  o f  41 and 60 y e a r s  o f  whom 18, 64d mace a .good
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r ec o v er y  and 19 p a t ie n t s  over 60 years o f  whom 12, 63$ made a 
good r e c o v e r y . T hus, w h ile  a h igh er  p rop ortion  in  th e  youngest 
age group had an u n e v e n tfu l co n v a lescen ce  th e r e  was no d is c r e p ­
ancy in  t h i s  r e s p e c t  between th e  o th er  two age groups. There 
were 47 p a t ie n t s  in  th e  terram ycin  group and 53 in  the c o n tr o l  
group who were over 40 years o f  a g e . Among th e s e  p a t ie n ts  30 
(64$) in  th e  terram ycin  group and 27 (51$) in  th e  c o n tr o l group 
made a good r e c o v e r y . T h is d if f e r e n c e  o f 13$ i s  not s i g n i f i ­
ca n t ( i t s  standard  error  i s  1 9 .8 ) showing th a t  terram ycin  was 
no more a b le  than  th e  c o n tr o l treatm en t to  prevent prolonged  
f e v e r  and c o m p lic a tio n s  from  o ccu rr in g  in  th e  o ld er  p a t ie n t s .
(b) D u ration  o f  I l l n e s s :  We have noted  th a t  th e  d e v e l­
opment o f  c o m p lic a tio n s  was in flu e n c e d  by the le n g th  o f  tim e  
w hich e la p se d  betw een the o n se t o f in f e c t io n  and the s t a r t  o f  
tr e a tm e n t. In  th e  terram ycin  group, 36 p a t ie n t s ,  and in  th e  
c o n tr o l  group, 33 p a t ie n t s ,  were adm itted a f te r  th e  fo u r th  day 
o f  i l l n e s s .  An u n ev e n tfu l recovery  took  p la ce  in  19 (53$) o f  
th e  terram ycin  p a t ie n t s  and 15 (46$) o f  th e  c o n tr o l p a t ie n t s .  
S in c e  t h i s  d i f f e r e n c e  i s  l e s s  than i t s  standard error o f  i l 2 . 2  
we may co n c lu d e  th a t  terram ycin  was not more e f f e c t iv e  than th e  
c o n tr o l  trea tm en t in  th o se  who were adm itted  la t e r  in  th e  course  
o f  t h e ir  i l l n e s s .
(c )  B a c te r io lo g y  o f th e  Sputum: I t  i s  in t e r e s t in g  to
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compare th e  r e s u l t s  o f  therapy in  th e  l ig h t  o f  th e  b a c te r io lo g y  
o f  th e  sputum. Of th e  117 pneum ococcal pneumonias, 63 were 
t r e a te d  w ith  terram ycin  and 54- r e c e iv e d  the c o n tr o l trea tm en t.
Of t h e s e ,  45 (71$) in  th e  terram ycin  group and 34 (63$) in  th e  
c o n t r o l  group made a good r ec o v e r y . The d if f e r e n c e  (8$) i s  a l ­
most th e  same as i t s  standard error  (1 8 .7 )  and i s  n ot s i g n i f i ­
c a n t . Terram ycin, th e r e fo r e , a lth ou gh  e f f e c t i v e  in  pneumo­
c o c c a l  pneumonia was not su p e r io r  to  th e  c o n tr o l trea tm en t.
I n f e c t io n  w ith  pneumococcus typ e 3 in  an o ld er  person  
i s  g e n e r a lly  regarded  as b e in g  p a r t ic u la r ly  dangerous. In  them  
i t  o f t e n  ca u ses  a se v er e  broncho-pneumonia r a th e r  than lob ar  
pneumonia. There were 8 p a t ie n ts  in  th e  s e r i e s  w ith  pneumonia 
due to  th e  pneumococcus type 3 , 6 o f  whom were over 60 years o f  
a g e . S ix ,  in c lu d in g  th e  two who were under the age o f  60 y e a r s , 
were in  th e  terram ycin  group and two in  th e  c o n tr o l group. In  
th e  c o n tr o l group one p a t ie n t  d ied  and the other had delayed  
r e s o lu t io n  w h ile  in  th e  terram ycin  group a l l  th e  p a t ie n ts  made 
a good r e c o v e r y . A lthough th e  numbers are too  sm all to  j u s t i f y  
a g e n e r a l c o n c lu s io n  th e s e  r e s u l t s  do in d ic a te  th a t  terram ycin  
was o f  v a lu e  in  t r e a t in g  t h i s  form o f  pneumonia.
S ta p h y lo coccus aureus was r e sp o n s ib le  fo r  4 o f  the 8 
c a se s  o f non-pneum ococcal pneumonia. Pneumonia due to  t h i s  
organism  has r e c e n t ly  assumed g r ea ter  im portance. The in c r e a s -  
in g  p r e v a le n c e  o f  s ta p h y lo c o c c i w hich are r e s i s t a n t  to  p e n ic i l l in
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make th e  newer a n t ib io t i c s  of g r ea t va lu e  in  t r e a t in g  such in ­
f e c t i o n s .  One of th e  s ta p h y lo c o c c a l pneumonias was in  th e  t e r ­
ram ycin group and th r e e  were in  the c o n tr o l group. The one in  
th e  terram ycin  group made a good r ec o v er y . Two in  th e  c o n tr o l  
group d ie d , one a f t e r  a cou rse  of terram ycin  and th e  o th er  dur­
in g  a c o u rse  o f ch loram p h en ico l; th e  th ir d  p a t ie n t  had a pro­
longed  p y r e x ia  and delayed  r e s o lu t io n .  These r e s u l t s  show th a t  
s ta p h y lo c o c c a l pneumonia i s  a s e r io u s  in f e c t io n  which i s  n ot  
alw ays amenable to  broad-spectrum  a n t ib io t ic  th erap y . The th ree  
c a s e s  o f  pneumonia due to  Haemophilus in flu e n z a e  made a good 
r ec o v er y  and the c a se  o f  F ried l& n d er1s pneumonia d ie d . In  t h i s  
sm a ll group o f 8 p a t ie n ts  th e  b e n e f it  o f  chemotherapy was not 
marked s in c e  3 d ied  and on ly  4 made a good r ec o v er y .
(d) B acter iaem ia: The grave s ig n if ic a n c e  o f t h i s  fa c to r
has a lre a d y  been n o ted . There were 3 p a t ie n ts  in  th e  terram y­
c in  group and 7 in  th e  c o n tr o l group who had a p o s i t iv e  blood  
c u ltu r e  on a d m issio n . The two who d ied  have been d escr ib ed ; o f  
th e  4 w ith  prolonged  fe v e r  or a co m p lica tio n  a l l  were tr e a te d  
w ith  su lp h a d ia z in e  and p e n i c i l l in ;  o f th e  4 p a t ie n ts  who made a 
good reco v ery  2 were tr e a te d  w ith  terram ycin , 1 w ith  su lp h ad ia ­
z in e  and p e n i c i l l i n  and 1 w ith  su lp h a d ia z in e  o n ly . The s p e c i f ic  
form  o f  trea tm en t would seem t o  be o f  l i t t l e  import in  determ in­
in g  th e  outcome in  b a cter ia em ic  p a t ie n t s .
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( e) A sso c ia te d  D ise a se :  With th e  e x ce p tio n  o f  chron ic
b r o n c h it is  th e  p resen ce  o f  an a s s o c ia te d  d is e a s e  d im in ished  th e  
l ik e l ih o o d  o f  pneumonia p a t ie n t s  making a good r e c o v er y . Of 10 
p a t ie n t s  in  th e  terram ycin  group (8  w ith  c a r d io -v a sc u la r  d i s -  
e a s e , 1 w ith  ch ron ic  n e p h r it is  and 1 chron ic  a lc o h o lic )  2 had 
p ro lon ged  f e v e r ,  3 had c o m p lic a tio n s  and 3 d ied ; w h ile  o f  9 
p a t ie n t s  in  th e  c o n tr o l group (5 w ith  c a r d io -v a sc u la r  d is e a s e ,
2 w ith  anaemia and 2 ch ron ic  a lc o h o l ic s )  1 had prolonged  fe v e r ,
4 had c o m p lic a tio n s  and 4 d ie d . The r e s u l t s  are s im ila r  in  th e  
two treatm en t groups showing th a t  terram ycin  was n o t su p er io r  
to  su lp h a d ia z in e  or p e n i c i l l i n  in  o f f s e t t in g  th e  d isad van tage o f  
a s s o c ia te d  d is e a s e .
C l in ic a l  d e t a i l s  o f  two r e p r e s e n ta t iv e  c a s e s  tr e a te d  
w ith  terram ycin  are g iv en  in  Appendix I .
THE PENICILLIN GROUP.
The r e s u l t s  in  th e  group o f  19 p a t ie n ts  who r e c e iv e d  
su lp h a d ia z in e  and p e n i c i l l i n  therapy may b r i e f l y  be m entioned. 
Only 5 (26%)  made a good reco v ery ; 2 p a t ie n t s  d ied  and the others 
e ith e r  had prolonged  f e v e r ,  d e layed  r e s o lu t io n  or a s t e r i l e  
e f f u s io n .  I t  i s  im p o ss ib le  to  compare th e se  r e s u l t s  w ith  th e  
r e s u l t s  o f  th o s e  who r e c e iv e d  su lp h a d ia z in e  o n ly , because most 
o f  th e  s e r io u s ly  i l l  p a t ie n t s  were g iven  p e n i c i l l i n .  The on ly  
e x c e p tio n s  were th e  4 who r e c e iv e d  broad-spectrum  a n t ib io t ic s
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in s te a d  o f or a lo n g  w ith  p e n i c i l l i n .  S in ce  th e  19 p a t ie n ts  who 
r e c e iv e d  p e n i c i l l i n  were a l l  g ra v e ly  i l l  one would expect t h i s  
group t o  he w eigh ted  w ith  most o f  th e  poor p ro g n o stic  fa c to r s .  
T h is in  f a c t  was th e  c a se :  16 p a t ie n t s  were over 40 y e a r s , 8 
were adm itted  a f t e r  th e  fo u r th  day o f  i l l n e s s ,  5 had a p o s i t iv e  
hlood c u ltu r e  and 4 had an a s s o c ia te d  d is e a s e  which in  2 was 
c a r d io -v a s c u la r  d is e a s e ,  1 anaemia and 2 ch ron ic  a lco h o lism .
DISCUSSION
P ro g n o stic  F a c to r s . The r e s u l t s  are  in  agreement w ith  th e  
con cep t th a t  c e r ta in  fa c to r s  are  o f p ro g n o stic  import in  pneu­
m onia. Two th ir d s  o f th e  p a t ie n ts  were over th e  age o f fo r ty  
y ea rs  and t h i s  s e c t io n  co n ta in ed  a l l  the d eath s and most o f  th e  
c o m p lic a t io n s . T h is i s  in  keep ing  w ith  th e  g e n e r a lly  accepted  
view  th a t  th e  age o f th e  p a t ie n t  i s  th e  most im portant s in g le  
fa c to r  in  d e term in in g  th e  outcome in  pneumonia.
The lo n g e r  th e  p a t ie n t  has been i l l  b e fo re  he i s  ad­
m itted  fo r  h o s p ita l  trea tm en t th e  more l ia b le  i s  he to  d evelop  
a c o m p lic a tio n . T h is  i s  r e a l ly  th e  on ly  fa c to r  over which we 
have any c o n tr o l .  I f  p a t ie n t s  cou ld  be persuaded to  seek  
m ed ical a d v ic e  e a r ly  in  th e  cou rse  of t h e ir  i l l n e s s  i t  would 
be p o s s ib le  to  commence chem otherapy b e fo re  the in f e c t io n  had 
gained a proper h o ld  and b e fo r e  th e  t i s s u e s  were e x te n s iv e ly  
in v o lv e d . T h is i s  p a r t ic u la r ly  d e s ir a b le  in  th e  o ld er  p a t ie n t .
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B a cter ia em ia , another im portant p r o g n o stic  f a c t o r ,  
was p r e se n t  in  6 .7 $  o f  the s e r i e s .  A p rev iou s th e ra p eu tic  t r i a l  
in  pneumonia c a r r ie d  out in  Knightswood H o sp ita l was rep orted  by 
E a d ie , G r ist  and Landsman in  1951. In th e ir  s e r ie s  th e  b a c te r i-  
aemic r a te  was 7 .6 %, a f ig u r e  in  keep ing w ith  th a t  o f  the p resen t  
s e r i e s .  Landsman (1952) showed th a t  over th e  l a s t  tw enty years  
th e r e  has been a p r o g r e ss iv e  f a l l  in  th e  p rop ortion  o f  pneumonia 
p a t ie n t s  who have a p o s i t iv e  b lood  c u ltu r e  on ad m ission  to  h os­
p i t a l .  In  d i f f e r e n t  s e r ie s  o f  pneumonia p a t ie n t s  in v e s t ig a te d  
a t  Knightswood H o sp ita l th e  b a c ter ia em ic  r a te  was 29$ in  1933,
26$ d u rin g  th e  p er io d  1938 to  1942 and 19$ during th e  p eriod  
1943 to  1947. Landsman s tu d ie d  500 b a cter ia em ic  p a t ie n ts  and 
found th a t  th e  b a c ter ia em ic  r a te  in  th o se  who reached h o s p ita l  
u n tre a ted  was a lm ost tw ic e  th a t found in  th o se  who had been g iven  
sulphonam ide p r io r  to  ad m ission . In  th e  p resen t s e r i e s  th e  bac­
te r ia e m ic  r a te  in  th e  tr e a te d  p a t ie n ts  was 5 .5 $  and 7 .3 $  in  th e  
u n trea ted  p a t ie n t s ,  a d if f e r e n c e  which i s  l e s s  marked.
I t  I s  im p o ss ib le  to  judge th e  va lu e  o f chemotherapy 
g iven  to  a p a t ie n t  b e fo r e  ad m ission  from a s e r ie s  such as t h i s  
one. The p a t ie n t s  in  t h i s  t r i a l  who had r e c e iv e d  chemotherapy 
were n o t c a s e s  w hich had f a i l e d  to  respond to  treatm ent a t  home 
but r a th e r  th ey  were p a t ie n t s  who had had treatm en t to  t id e  them 
over u n t i l  h o s p i t a l  ad m ission  could  be arranged. I t  i s  u n lik e ly
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th a t  th e  p r a c t ic e  o f  g iv in g  chemotherapy b e fo r e  t h e ir  adm ission  
to  h o s p i t a l  has any b ea r in g  on the sharp f a l l  in  the b a c te r i­
aemic r a te  o f  th e  1951 and th e  p resen t s e r i e s .  The p rop ortion  
o f  p a t ie n t s  w ith  p rev io u s treatm en t was 43$ in  th e  1945 s e r i e s ,  
52$ in  th e  1947 s e r i e s ,  41$ in  th e  1951 s e r ie s  and 37$ in  th e  
p r e sen t s e r i e s .  The corresp on d in g  b a cter ia em ic  r a te s  were 17 .4$ , 
2 5 .5 $ , 7 .6 $  and 6 .7 $ . M oreover, 3 o f  th e  p resen t 10 b a c te r i­
aemic p a t ie n t s  had r e c e iv e d  p rev io u s trea tm en t. The f a l l  in  
th e  b a c ter ia em ic  r a te  i s  not p a r a l le l le d  by any corresp ond ing  
r i s e  in  th e  p ro p o rtio n  o f  tr e a te d  c a s e s .  One reason  for  th e  low  
p ro p o r tio n  o f  tr e a te d  c a se s  in  th e  p resen t s e r i e s  was the sm a ll  
amount o f  chem otherapy a p a t ie n t  cou ld  have r e c e iv e d  and s t i l l  
be in c lu d e d  in  th e  th e r a p e u tic  t r i a l .
The im portance o f  the w h ite  c e l l  count i s  th a t  i t  i s  
an ind ex  o f  th e  adequacy o f  th e  p a t i e n t s  defen ce  mechanism.
I t  i s  s i g n i f i c a n t  th a t  o f  th e  n in e  death s in  th e  s e r i e s ,  seven  
had a le u c o p e n ia . T h is im p lie s  a f a i lu r e  o f  th e  p r o te c t iv e  r e ­
a c t io n  o f th e  p a t ie n t  and i t  i s  such p a t ie n ts  who are most l i k e ­
ly  t o  succumb.
Of th e  a s s o c ia te d  d is e a s e s ,  th o se  a f f e c t in g  th e  card io ­
v a sc u la r  system  are  th e  most im p ortan t. An im paired c a rd io ­
v a sc u la r  system  red u ces th e  p a t i e n t fs a b i l i t y  to  overcome in ­
f e c t i o n .  The p resen ce  o f  pneumonic c o n s o lid a t io n  throws a stra in
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on th e  r ig h t  s id e  o f  th e  h e a r t . The lo n g er  t h i s  endures, the  
more l i k e l y  i s  o a r d io -v a sc u la r  in s u f f ic ie n c y  to  become apparent. 
In th e  e ld e r ly  a r t e r i o - s c l e r o t i c  p a t ie n t  who has u n t i l  then  
managed to  rem ain in  a s t a t e  o f  ca rd ia c  com pensation, th e  s t r a in  
o f  a c u te  pulmonary in f e c t io n  may be s u f f i c i e n t  to  t i p  the b a l­
ance a g a in s t  him and p r e c ip i t a t e  ca rd ia c  f a i lu r e .  The c ir c u la ­
t io n  o f  b lood  through an area  o f  c o n so lid a te d  lun g i s  impeded 
and furtherm ore th e r e  i s  a r ed u c tio n  in  th e  lung su r fa c e  a v a i l ­
a b le  fo r  o x y gen ation  o f  th e  b lood . The main advantage o f e a r ly  
trea tm en t o f  th e  o ld e r  p a t ie n t  i s  th a t  th e  in f e c t io n  may be 
su p p ressed  b e fo r e  i t  in t e r f e r e s  w ith  th e  c ir c u la t io n  o f  b lood  
through th e  lu n g s . In  t h i s  way card iac  s tr a in  i s  reduced to  a 
minimum.
D e a th s . The d ea th  r a te  in  pneumonia p a t ie n ts  in  h o s p ita l  
i s  h ig h er  than in  th e  t o t a l  number o f  p a t ie n ts  s u f fe r in g  from  
pneumonia. T h is  i s  due to  th e  fa c t  th a t many o f  th e  o ld er  
p a t ie n t s  and most o f  th e  s e r io u s ly  i l l  p a t ie n ts  e v e n tu a lly  
come in to  h o s p i t a l ,  w h ile  a lm ost a l l  pneumonia p a t ie n t s  whose 
treatm en t i s  com pleted a t  home r e c o v e r . Chemotherapy has 
d r a m a tic a lly  reduced th e  m o r ta lity  in  pneumonia. The m o r ta lity  
r a te  in  pneumonia was s tu d ie d  by F lip p in  (1 9 4 3 ). In  1£35 ca ses  
during th e  p er io d  1938-1942 th e  r a te  was 1 0 ,6 $  compared w ith  
4 0 .1 $  in  1,904 c a se s  during th e  f i v e  year  period  p reced in g  the
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in tr o d u c t io n  o f  th e  su lph onam ides. N o r r is  (1953) from a study  
o f  8 ,0 0 0  c a se  reco rd s o f  pneumonia found th a t the death  r a te  
from  lo b a r  pneumonia d u rin g  the p er iod  1934-38 was 20$ compared 
w ith  10$ during th e  p er iod  1944-48 but the m o r ta lity  from bron- 
cho-pneum onia rem ained u n a lte r e d . In h o s p ita l  i t  i s  u n l ik e ly  
th a t  th e  m o r ta l ity  from pneumonia w i l l  ever f a l l  much below  10$. 
The d ea th  r a te  in  th e  p resen t s e r i e s  was 6$ , a f ig u r e  s im ila r  
to  th e  6 .3 $  o f  th e  1951 Knightswood s e r i e s .  The c lo s e  s im ila r ­
i t y  o f  th e s e  f ig u r e s  su g g e s ts  th a t  modern chemotherapy has 
brought th e  d ea th  r a te  down to  what may be an ir r e d u c ib le  m in i­
mum. The d ea th  r a te  o f  pneumonia p a t ie n ts  in  any treatm en t  
t r i a l  ten d s to  be s l i g h t l y  lower than fo r  a l l  h o s p ita l  p a t ie n ts  
w ith  t h i s  c o n d it io n . P a t ie n ts  who are se n t in to  h o s p ita l  be­
cau se  th e y  f a i l e d  to  respond to  adequate chemotherapy a t home 
are exclu d ed  from  such a t r i a l  and a c e r ta in  number o f them d ie .
P e n i c i l l i n  or one o f  th e  new a n t ib io t i c s  can in  most 
in s ta n c e s  r id  th e  p a t ie n t  o f th e  in f e c t in g  organism  but th ey  do 
not cure h i s  pneumonia. The p ro cess  o f  r e s o lu t io n  u lt im a te ly  
depends on th e  p a t i e n t 1s own r e c u p e r a tiv e  pow ers. The deaths  
o f fo u r  p a t ie n t s  in  the c o n tr o l group d e s p ite  treatm ent w ith  
a n t ib io t i c s  were due n o t so much t o  f a i lu r e  o f  th e  drug as to  
th e  i n a b i l i t y  o f  th e  p a t ie n t  to  r a l l y  to  h is  own d e fen ce .
T herapy. In  terram ycin  we have an e f f e c t iv e  drug fo r
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t r e a t in g  pneumonia. In  th e  terram ycin  group the resp on se  to  
trea tm en t was e x c e l le n t  as judged by th e  rap id  f a l l  in  fev e r  
and th e  low in c id e n c e  and m ild n a tu re  o f  th e  c o m p lic a tio n s .
Only two p a t ie n t s  in  th e  s e r i e s  f a i l e d  to  reco v er  a f t e r  an 
adequate d ose  o f  terram ycin  and one o f  them had c a r d io -v a s ­
c u la r  i n s u f f i c i e n c y .  Whether terram ycin  Is  more v a lu a b le  than 
su lp h a d ia z in e  or p e n i c i l l i n  i s  d o u b tfu l. In p rev en tin g  s t e r i l e  
e f fu s io n s  or in  a c c e le r a t in g  th e  p ro cess  o f  r e s o lu t io n , t e r r a ­
mycin had no advantage over th e  c o n tr o l  trea tm en t. On th e  oth er  
hand, th e  d u ra tio n  o f th e  prim ary p y rex ia  was s l i g h t l y  sh o rter  
in  th e  group tr e a te d  w ith  terram ycin . The r e l i e f  from th e  sym- 
toms w hich  accompany fev e r  and th e  in crea sed  f e e l in g  o f  w e l l ­
b e in g  o f  th e  p a t ie n t  might be con sid ered  to  j u s t i f y  i t s  u s e .  
T im p a n elli (1950) found th a t  terram ycin  caused a more rap id  f a l l  
o f tem p erature in  pneumonia than p e n i c i l l i n .  Composite temper­
a tu re  cu rves o f  66 p a t ie n t s  tr e a te d  w ith  terram ycin  and 48 
p a t ie n t s  t r e a te d  w ith  p e n i c i l l i n  showed a d if fe r e n c e  in  favour  
o f  terram ycin  o f  0 .9 °P  a t 24 hou rs. The standard error  o f th e  
d if f e r e n c e  i s  t o .4 so  th a t  th e  d i f f e r e n c e ,  a lth ou gh  in t e r e s t in g ,  
i s  s c a r c e ly  s i g n i f i c a n t .
A l e s s  e n t h u s ia s t ic  rep o rt v/as p u b lish ed  by 
G-.G.Jackson e t  a l .  (1951) who tr e a te d  91 pneumonia p a t ie n ts  w ith  
terra m y cin . They e stim a ted  th a t th e  drug was o f b e n e f it  in  68
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(75/£) and in  th e  o th ers  th e  e f f e c t  o f terram ycin  was eq u iv o c a l. 
In th e  p r e se n t  t r i a l ,  an a d d it io n a l  advantage enjoyed by th e  
terram ycin  group was th a t  th ey  were r e c e iv in g  a pow erful a n t i ­
b i o t i c  in  o r a l c a p su le s  w hich  were e a s i ly  sw allow ed, w h ile  in  
th e  c o n tr o l  group, when a p a t ie n t  f a i l e d  to  respond to  o r a l  
su lp h a d ia z in e  he su ffe r e d  th e  d iscom fort o f  in tram uscular in ­
j e c t io n s  o f p e n i c i l l i n .
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S e c tio n  2 . HERPES SIMPLEX
,  ,i , .....................  .  „
The in tr o d u c t io n  o f th e  "broad-spectrum a n t ib io t ic s  
marked a g r ea t advance in  th e  treatm ent o f  r i c k e t t s i a l  in f e c ­
t io n s  w hich  had h ith e r to  been r e s i s t a n t  to  chem otherapeutic  
a g e n ts . The organism s o f  th e  r i c k e t t s i a  group are sm aller  than  
b a c te r ia  but a re  la r g e r  than th e  tru e  v ir u s e s .  Like v ir u se s  
th ey  have a t ta in e d  a h ig h  degree o f  p a r a s it ism  and r eq u ire  l i v ­
in g  anim al c e l l s  fo r  th e ir  growth and m u lt ip l ic a t io n . In th e  
h o st c e l l s  b oth  th e  r ic k e t t s i a e  and v ir u se s  en ter  c lo s e ly  in to  
th e  m etabolism  o f  th e  c e l l  and any agent which d estro y s  them 
may e a s i l y  damage the c e l l  a l s o .  The b e st way o f  a tta c k in g  
v ir u s e s  and r ic k e t t s i a e  i s  to  prevent them from  rea ch in g  a su s­
c e p t ib le  c e l l .  D uring a v iraem ia  or r ic k e t ts ia e m ia  the organ­
ism s are  e x t r a c e l lu la r .  I f  an e f f e c t i v e  chem otherapeutic drug  
i s  a ls o  p r e se n t  in  th e  blood stream  th e  organism  w i l l  be de­
s tro y ed  and th e  d is e a s e  ab orted .
C hloram phenicol, aureom ycin and terram ycin  have a 
marked r l c k e t t s i o s t a t i c  e f f e c t  but are n ot r i c k e t t s io c id a l .
The a n t i b io t i c s  su p p ress th e  growth o f  r ic k e t t s ia e  w h ile  th e  
p a t ie n t  b u ild s  up h is  own immunity on which h is  u lt im a te  r e ­
covery  d epend s. I f  th e  a n t ib io t i c  Is  d isco n tin u ed  b e fo re  the  
p a t ie n t* s  immunity has d evelop ed  th e re  i s  a recru d escen ce o f  
th e  d i s e a s e .  R e la p se s , how ever, can be prevented  by g iv in g
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a n t i b io t i c s  f o r  a lo n g  enough p er iod  so  th a t c o n tr o l o f  in f e c ­
t io n  by immunity ta k es  over as th e  su p p re ss iv e  e f f e c t  o f  the  
a n t ib io t i c  w anes. In  1951 E .B . Jackson t e s t e d  the r i c k e t t s io -  
s t a t i c  a c t i v i t y  o f  th e  th r e e  new a n t ib io t i c s  on a grav im etric  
b a s is  in  embryonated eggs in fe c te d  w ith  var iou s r i c k e t t s i a e .
She judged t h e ir  e f f e c t iv e n e s s  to  be terram ycin , aureomycin 
and ch loram p h en ico l in  d escen d in g  ord er. In t r e a t in g  human in ­
f e c t io n s  th e r e  i s  l i t t l e  to  choose between th e  th r ee  a n t ib io ­
t i c s .  Good r e s u l t s  have been ob ta in ed  w ith  terram ycin  in  the  
trea tm en t o f  scru b  typhus (Sm&del, Jackson and Ley 1 9 5 0 ), e p i­
demic or murine typhus and Rocky Mountain Spotted  Fever (Bauer 
e t  a l  1 9 5 0 ) , and r ic k e t t s ia lp o x  (R ose, 1 9 50 ). The newer a n t i ­
b i o t i c s  are  in  f a c t  so  e f f e c t i v e  as to  be indeed  s p e c i f i c s  fo r  
r i c k e t t s i a l  in f e c t i o n s .
The v ir u s e s  which are  most c lo s e ly  r e la te d  to  the  
r i c k e t t s i a e  a re  th e  p sittacosis-lym p h ogran u lom a  venereum group. 
T hese organism s a ls o  are h ig h ly  s u s c e p t ib le  to  the a n t ib io t ic s  
in  ex p erim en ta l in f e c t i o n s .  Few r ep o r ts  on human in fe c t io n s  
have been p u b lish ed  but s a t i s f a c t o r y  r e s u l t s  have been obtained  
in  th e  trea tm en t w ith  a n t ib io t i c s  o f i s o la t e d  p a t ie n ts  s u f fe r ­
in g  from p s i t t a c o s i s ,  o r n ith o s is  and lymphogranuloma venereum  
(Sm adel, 1 9 5 1 ).
The v a lu e  o f  a n t ib io t i c s  in  the treatm ent o f  infections
52
due to  th e  sm a ller  v ir u s e s  i s  l e s s  c e r ta in .  The v ir u s  which  
c a u se s  trachom a resem b les th o se  o f  th e  p s i t t a c o s i s  -  lympho­
granuloma venereum group and aureomycin and chloram phenicol 
g iv e n  l o c a l l y  and s y s te m ic a l ly  have been rep orted  to  b e n e f it  
p a t ie n t s  w ith  trachoma (Smadel 1 9 5 1 ). V ir a l in f e c t io n s  are f r e ­
q u en tly  com p lica ted  by th e  in tr u s io n  o f  b a c t e r ia l  in f e c t io n  and 
i t  i s  d i f f i c u l t  to  say  i f  th e  b e n e f i c ia l  r e s u l t  o f  an a n t ib io t ic  
i s  due to  i t s  a n t ib a c t e r ia l  e f f e c t  or i t s  a c tio n  on th e  v ir a l  
a g e n t . T h is  i s  e s p e c ia l ly  tru e  of v ir a l  or primary a ty p ic a l  
pneumonia but C o ll in s  e t  a l .  (1950) found th a t p a t ie n ts  w ith  th e  
c l i n i c a l  f in d in g s  o f  prim ary a ty p ic a l  pneumonia, a lo n g  w ith  a 
r i s e  in  c o ld  a g g lu t in in  su b stan ces and w ithou t consp icuous e v i ­
dence o f  b a c t e r ia l  in f e c t io n ,  responded w e ll  to  aureomycin th e r ­
apy. A n t ib io t ic s  have no e f f e c t  a g a in s t  th e  in f lu e n z a  v ir u se s
in  exp erim en ta l anim al in f e c t io n s  but in  man th ey  do have a
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p la c e  in  th e  treatm en t o f  in f lu e n z a . T h eir  va lue l i e s  in  con­
t r o l l i n g  th e  secon dary  b a c t e r ia l  in v a s io n  which i s  m ainly r e ­
sp o n s ib le  fo r  f a t a l  in f lu e n z a l broncho-pneumonia.
In  v i r a l  in f e c t io n s  w ith  d erm a to lo g ica l m a n ife s ta t io n s  
th e  c l i n i c a l  resp o n se  o f  a p a t ie n t  to  any treatm ent cannot be 
p ro p er ly  a s s e s s e d  s in c e  th e s e  in f e c t io n s  are o f  v a r ia b le  se v e r ­
i t y  and ir r e g u la r  d u r a tio n . F in lan d  e t  a l . (1949) found th a t lg  
aureom ycin q . i . d .  gave b e n e f i c ia l  r e s u l t s  to  p a t ie n ts  w ith
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herpes z o s t e r .  Of 24 p a t ie n t s  tr e a te d  th e r e  was rap id  h e a lin g  
w ith in  24 hours in  20 c a se s  and in  o n ly  4 did new le s io n s  de­
v e lo p  a f t e r  th e  s t a r t  o f  trea tm en t. The immediate e f f e c t  on 
p a in  was s t r ik in g  and p r u r itu s  van ished  in  4 days a lth ou gh  p o s t­
h e r p e t ic  p a in  was not p reven ted  in  6 p a t ie n t s .  They t e n t a t iv e ­
ly  su g g es ted  th a t  aureomycin had a v ir u s  t a t  ic  e f f e c t  on th e  
v ir u s  o f  h erpes z o s t e r .
Herpes f e b r i l i s  i s  th e  most freq u en t v ir u s  d is e a se  o f  
man. The prim ary in f e c t io n  norm ally occurs during ch ild hood  in  
th e  form  o f  a h e r p e t ic  s t o m a t i t i s .  The v iru s  p r e f e r e n t ia l ly  
a tta c k s  th e  t i s s u e s  o f th e  embryonic ectoderm al la y e r s .  These  
in c lu d e  th e  s k in , mucous membranes, eye and c e n tr a l nervous 
sy stem . The v i s i b l e  m a n ife s ta t io n s  are c h a r a c ter ise d  by the  
form ation  in  th e  e p ith e liu m  o f  v e s i c l e s  which are s c a tte r e d  over  
th e  area  su rroun din g  th e  mouth. The primary in f e c t io n  i s  a ls o  
a b lood  stream  in f e c t io n  and th e  lo c a l  l e s io n  i s  u s u a lly  accom­
panied by sy s tem ic  i l l n e s s  which may be se v e r e . Among human 
v ir u s  in f e c t io n s  h erp es sim plex  i s  unique in  i t s  l i f e - l o n g  per­
s i s t e n c e  in  or near th e  s i t e  o f  th e  primary in f e c t io n .  The 
p a t ie n t  i s  l i a b l e  to  recu rren t a tta c k s  o f  herpes throughout 
l i f e .  In  th e s e  secondary outbreaks th e  v e s ic l e s  are u s u a lly  
grouped c lo s e l y  to g e th e r  around the mouth and th e  p a t ie n t  r e ­
mains f r e e  from  symptoms o f  sy stem ic  u p se t . The le s io n s  reappear
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during v a r io u s  f e b r i l e  i l l n e s s e s  and pneumonia i s  o fte n  th e  
stim u lu s fo r  such  ou tb reak s.
I t  was d ec id ed  to  stu d y  th e  occu rren ce o f herpes  
f e b r i l i s  in  th e  p a t ie n t s  o f  th e  pneumonia s e r i e s .  I f  terram ycin  
was e f f e c t i v e  a g a in s t  th e  v ir u s  o f herpes sim plex some d i f f e r ­
ence in  th e  two trea tm en t groups would be ob served . The purpose  
was to  n o te  th e  freq u en cy , th e  d u ra tio n  and th e  e x te n t o f herpes  
f e b r i l i s  in  a group o f  pneumonia p a t ie n ts  tr e a te d  w ith  t e r r a ­
mycin and to  compare them w ith  a group tr e a te d  w ith  su lp h ad ia -  
z in e ,  supplem ented in  a few c a se s  w ith  p e n i c i l l i n .
METHOD
A fte r  th e  trea tm en t t r i a l  had been in  p rogress fo r  
th r e e  m onths, th e  p resen ce  and e x te n t  o f  herpes f e b r i l i s  in  
new ad m ission s to  th e  s e r i e s  was n o ted . The p a t ie n t  was asked  
about i t s  day o f o n se t  and the symptoms. Both th e  terram ycin  
and c o n tr o l  treatm en t groups were th e r e a f te r  in sp ected  d a i ly  
fo r  new c a s e s  o f h erp es and fo r  f r e s h  spread in  th o se  who
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a lrea d y  had th e  l e s i o n s .  The a c t i v i t y  o f  th e  herpes was de­
term ined by i t s  appearance and th e  amount o f  p a in  and p r u r itu s  
i t  was p rod u cin g . Note was tak en  o f  th e  day on which c r u st  
form ation  began and on w hich h e a l in g  was com p lete . T h ir ty -  
th r e e  p a t ie n t s  were s tu d ie d  in  t h i s  way, 16 o f whom were in  
the terram ycin  group and 17 in  th e  c o n tr o l group. The herpes  
was regarded as an in c id e n ta l  f in d in g  and a t  no tim e d id  i t  
in f lu e n c e  th e  p r e scr ib e d  trea tm en t.
REsunrs
In  th e  pneumonia s e r ie s  o f  150 p a t ie n t s  herpes 
f e b r i l i s  occurred  in  53 (35$) but in  20 o f  th e se  on ly  th e  f a c t  
o f  i t s  p resen ce  was reco rd ed . The p a t ie n ts  were e q u a lly  d i s ­
tr ib u te d  in  th e  two treatm en t groups and the f in d in g s  in  the
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33 p a t ie n t s  whose herpes was s p e c ia l ly  noted are summarised in  





No. of oases with herpes 24 29
No. with herpes sp ecia lly  noted 16 17
Mean day of illn e s s  on admission 3.9 4.2
Mean day of onset of herpes 3.3 4*4
Herpes at height (Bay) 5.1 5.9
Start of crust formation (Bay) 7.5 8.5
Healing complete (Day) 13 12
No. with spread of herpes during treatment 4 3
No. whose herpes appeared during treatment 5 10
T ab le  5 . The average day o f i l l n e s s  on adm ission  was s im ila r
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in  each  group and i t  approxim ated c lo s e ly  to  th e  day o f  o n set o f  
th e  h e r p e s . Herpes appeared u s u a lly  about th e  fo u r th  day o f  
i l l n e s s  and ran  th e  same co u rse  in  th e  two groups. I t  reached  
i t s  h e ig h t  in  1 -2  days; c r u s t  form ation  began in  a fu r th er  2 
days and h e a l in g  was com plete w ith in  2 w eeks.
The most s ig n i f i c a n t  f in d in g s  appear a t the fo o t  o f  
th e  t a b l e .  In  5 o f  16 c a se s  in  th e  terram ycin  group th e  herpes 
made i t s  f i r s t  appearance w h ile  th e  p a t ie n t  was on f u l l  doses o f  
terram ycin  and in  4 th e  herpes which had been p resen t b efore  
trea tm en t extend ed  d u rin g  trea tm en t. The p roportion  o f  c a se s  
in  w hich t h i s  occurred  in  the c o n tr o l group i s  s im ila r . Of 17 
c a s e s ,  10 appeared and 3 extended during trea tm en t. In th e  5 
p a t ie n t s  whose h erp es appeared during terram ycin  treatm ent the  
mean day o f  i l l n e s s  on adm ission  was 2 .2  which i s  ra th er  e a r l ie r  
than  th e  3 .9  fo r  the whole group. The day of o n set o f the  
herp es in  th e s e  5 p a t ie n t s  was 3 .4  which i s  s u b s ta n t ia l ly  the  
same as th e  3 .3  fo r  th e  group as a w hole. T his shows th a t th e  
e a r ly  s t a r t  o f  th erap y  d id  not even d e lay  th e  appearance o f  
h erp es f e b r i l i s .  The e x te n t and d u ra tion  o f  th e  herpes in  th o se  
who f i r s t  showed i t  d u rin g  treatm en t was no l e s s  than in  th o se  
who had th e  l e s io n s  on adm ission  to  h o s p ita l .  D e ta ils  o f  th e  
in d iv id u a l  c a se s  are shown In Appendix I I .
58
DISCUSSION
Prom th e  f in d in g s  i t  appears u n l ik e ly  th a t terram ycin  
has a s p e c i f i c  a c t io n  a g a in s t  th e  v iru s  o f  herpes sim p lex . The 
s i z e  o f  th e  i n f e c t in g  organism  would seem to  be a fa c to r  in  de­
ter m in in g  w hether an a n t ib io t i c  can a tta ck  i t .  The new a n t ib io ­
t i c s  are  m ost e f f e c t i v e  a g a in s t  b a c te r ia  and r ic k e t t s ia e .  The 
r i c k e t t s i a e  are  475m/* in  d iam eter and th e  p s i t t a c o s i s  v ir u s  
450myu. The h erpes z o s te r  v ir u s  a g a in s t  which th e  e f f e c t  o f 
a n t ib io t i c s  i s  d o u b tfu l i s  210x260m,M in  len g th  and breadth but 
th e  h erp es s im p lex  v ir u s  i s  on ly  150m^ u in  d iam eter.
The o th e r  im portant fa c to r  i s  th a t  the v iru s  must be 
exposed to  th e  a c t io n  o f  th e  a n t ib io t ic  a t a s ta g e  In in f e c t io n  
when i t  i s  e x t r a - c e l lu la r .  To s t im u la te  antibody production  th e  
v ir u s  must be f r e e  in  th e  blood stream . In a l l  v i r a l  in f e c t io n s  
th e r e fo r e  w hich are  fo llo w ed  by th e  p resen ce  o f n e u tr a l is in g  
a n t ib o d ie s  in  th e  p a t i e n t Ts b lood  stream , th e re  must have been 
a v ira e m ia . H erpes sim plex  i s  such an in f e c t io n  s in c e  the prim­
ary exposu re le a d s  to  the developm ent o f a n t ib o d ie s . The a n t i ­
body t i t r e  waxes and wanes w ith  th e  f i r s t  few subsequent o u t­
breaks o f  herpes f e b r i l i s  but once th e  h o s t -v ir u s  r e la t io n s h ip  
has been e s ta b l is h e d  th e  an tib od y  t i t r e  remains s t a t i c  i r r e ­
s p e c t iv e  o f  th e  number o f recu rren t a tta c k s  (S c o tt  1954). Many 
p eop le  w ith  a n t ib o d ie s  in  t h e ir  b lood  have no h is to r y  oi ever
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h a v in g  had h e r p e t ic  s t o m a t i t is  so th a t th e  primary in f e c t io n  must 
o f te n  he s u b c l in i c a l .  The recu rren t a tta c k s  are m a n ife s ta tio n s  
o f  im balance betw een th e  la t e n t  v ir u s  and th e  h o st and are not 
new i n f e c t i o n s .  The c lo s e  grouping o f  th e  v e s i c l e s  in  recu rren t  
herpes s u g g e s ts  co n tig u o u s spread o f  v ir u s  from c e l l  to  c e l l .  
Blood spread  i s  u n l ik e ly  in  th e  p resen ce  o f c ir c u la t in g  a n t i ­
b o d ies  and t h i s  d im in ish es  th e  op p ortu n ity  fo r  a drug to  reach  
th e  v ir u s .  N e v e r th e le s s  when lo c a l  spread i s  ta k in g  p la c e  th e  
v ir u s  must be e x tr a c e l lu la r  ju s t  b efore  th e  new e p i t h e l ia l  c e l l s  
are  p e n e tr a te d  and a t  th a t  tim e i t  i s  exposed to  the a c tio n  o f the  
a n t i b i o t i c .  In  th e  5 p a t ie n ts  whose herpes appeared during  
terram ycin  th erap y  th e  drug had a chance to  prevent th e  in f e c t io n  
from em ergin g. Perhaps a ls o  in  th e  4 p a t ie n ts  who had a spread  
o f  herpes a f t e r  terram ycin  treatm ent had been in s t i t u t e d  th e re  
was a p e r io d  when th e  v iru s  was exposed to  terram ycin . T erra­
mycin however d id  not p reven t th e  outbreak o f v e s i c l e s .
I t  i s  p o s s ib le  t o  argue th a t we do not know how many 
p a t ie n t s  in  th e  terram ycin  group might have developed a herpes 
had th e y  n ot been g iv en  t h i s  form  o f  trea tm en t. S in ce  th e  number 
o f  p a t ie n t s  w ith  h erpes i s  approxim ately  th e  same in  th e  two 
trea tm en t groups, w hich are  comparable in  other r e s p e c ts , i t  i s  
u n l ik e ly  th a t  terram ycin  co m p lete ly  suppressed the in f e c t io n  in  
many, i f  in d eed  any, o f  th e  p a t ie n t s .  In th e  7 p a t ie n ts  whose
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herpes c le a r e d  up q u ic k ly  a f t e r  treatm en t was s ta r te d , i t  i s  
im p o ss ib le  to  e v a lu a te  th e  p art p layed  -by terram ycin . Re­
cru d escen ces  o f  herpes are  s e l f - l i m i t i n g  and u s u a lly  mild w ith ­
out any form o f  tre a tm en t. In  any e v en t, th e  f in d in g s  in  th e s e  
c a s e s  are  n ot s i g n i f i c a n t  b ecause th ey  c o n s t i tu te  l e s s  than h a l f  
th e  t o t a l  number o f  p a t ie n ts  w ith  herpes in  the terram ycin group.
No c la im  has ever been made th a t a n t ib io t ic s  are  
e f f e c t i v e  in  th e  treatm en t o f  in f e c t io n s  due to  the v ir u s  o f  
h erp es s im p le x . Q u illig a n  e t  a l . (1950) in v e s t ig a te d  the a c t io n  
o f  terram ycin  on th e  growth o f  herpes sim plex v iru s  in  embryonat- 
ed e g g s . They found th e r e  was no d if fe r e n c e  in  th e  f i n a l  a n t i ­
body t i t r e  in  th o s e  tr e a te d  w ith  terram ycin  and in  th e  u n treated  
e g g s . F urtherm ore, F in lan d  e t a l .  (1949) observed 4 p a t ie n ts  in  
whom h erp es f e b r i l i s  appeared and extended during aureomycin 
th erap y  fo r  a c u te  b a c t e r ia l  in f e c t io n s .  Perhaps i t  i s  on ly  dur­
in g  th e  prim ary in f e c t io n ,  when the v ir u s  i s  p resen t in  th e  
blood  stream  th a t  i t  w i l l  ever be s u c c e s s fu l ly  a ttack ed  by a 
chem oth erap eu tic  agent y e t  to  be d isco v e re d . In  any c a se , th e  
e x i s t in g  a n t ib io t i c s '  are o f  great va lu e  in  the primary in f e c t io n  
in  p r e v e n tin g  and c o n t r o l l in g  secondary b a c te r ia l  in v a s io n . The 
a b i l i t y  o f  th e  h erpes sim p lex  v ir u s  to  p e r s i s t  in  human t i s s u e s  
makes i t  u n l ik e ly  th a t  i t  can be com p lete ly  erad ica ted  during  
one o f  i t s  r e c r u d e sc e n c e s .
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In  th e  fo l lo w in g  chapter th e  c l i n i c a l  
s i d e - e f f e c t s  u s u a l ly  a t tr ib u te d  to  a n t ib io t ic s  are  
r ev iew ed . D e t a i l s  are g iv en  o f  th e  to x ic  r e a c t io n s  
w h ich  were n o ted  in  th e  terram ycin  group o f  pneu­
monia p a t i e n t s .  To accum ulate more data on the s id e -  
e f f e c t s  o f  terram ycin  and to  compare them w ith  th o se  
o f  o th e r  broad-spectrum  a n t ib io t i c s ,  chloram phenicol 
and aureom ycin, the s e r ie s  was en la rg ed . P a tie n ts  
who were a v a i la b le  and to  whom a course o f  a n t ib io t ic  
cou ld  be g iv en  w ith  im punity were th o se  in  the two 
san atorium  wards fo r  tu b e r c u lo s is . Three groups o f  
tu b e r c u lo s is  p a t ie n t s  were s tu d ie d , one g iven  a course  
o f  ch loram p h en ico l, one g iven  aureomycin, and a th ir d  
terra m y c in . The s i d e - e f f e c t s  which occurred In th e se  
p a t ie n t s  are  d e sc r ib e d .
CHAPTER I I .
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CLINICAL SIDE-EFFECTS OF ANTIBIOTICS
The t o x ic  e f f e c t s  o f  th e  broad-spectrum  a n t ib io t ic s  
are  m ain ly  l im it e d  to  g a s t r o - in t e s t in a l  u p set in  th e  form o f  
n a u sea , v o m itin g  and d ia rrh o ea . H eartburn, f la t u le n c e ,  ep igastr ic  
p a in  and a bad t a s t e  in  th e  mouth may a ls o  occur. Another typ e  
o f  s id e  r e a c t io n  i s  th e  developm ent o f  a sore  mouth, th ro a t and 
to n g u e . B urning, so r en ess  and p r u r itu s  o f  th e  anus and surround­
in g  sk in  i s  known as the a n o -r e c ta l  syndrome. Symptoms o f  muco­
s a l  i r r i t a t i o n  are  in  g e n e ra l more common in  fem ales in  whom 
v a g in a l i r r i t a t i o n  may a ls o  occu r.
In most p a t ie n t s  th e  g a s tr ic  u p set i s  con fin ed  to  a
f e e l in g  o f  nau sea  w ith  perhaps o c c a s io n a l vom itin g . Sometimes
th e  v o m itin g  becomes p e r s is t e n t  and n e c e s s i t a t e s  stop p in g  th e  
drug. The d ia rrh o ea  i s  u s u a lly  m ild w ith  the passage of 2-4  
l o o s e ,  bu lky s t o o l s  per day. The s t o o ls  are o fte n  od ou rless  
w ith  a g reen , mucoid appearance but in  some p a t ie n ts  th e  odour 
in c r e a s e s  and becomes f o u l  or s ic k e n in g ly  sw eet. When th e  a n t i ­
b i o t i c  i s  d isc o n tin u e d  th e  s t o o ls  g e n e r a lly  return  to  normal but 
in  a few  p a t ie n t s  th e  d iarrh oea  p e r s i s t s  fo r  some weeks. S ig -  
m oidoscop ic  exam in ation  in  th e s e  p a t ie n ts  shows red bands or 
sh a rp ly  d e f in e d  areas o f  reddened mucosa w ith  normal mucosa in
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■between.
Some o f th e  d ia rrh o ea s are u n u su a lly  severe  and in ­
t r a c t a b le  and are  accompanied by dehyd ration  and shock. In many 
o f th e s e  S tap h y lococcu s aureus i s  th e  predominant organism  in  
th e  s t o o l .  I t  i s  u s u a l ly  r e s i s t a n t  to  th e  p a r tic u la r  drug the  
p a t ie n t  Is  r e c e iv in g  and even a lth ou gh  s e n s i t iv e  to  another  
a n t i b i o t i c ,  trea tm en t w ith  t h i s  drug does not always succeed in  
c o n t r o l l in g  th e  in f e c t io n .  The s ta p h y lo c o c c a l in fe c t io n s  are  
c o n tr ib u to r y  i f  n o t the a c tu a l cau se  o f some deaths during and 
a f t e r  a n t i b io t i c  th erap y . I t  was the p o s s i b i l i t y  of t h i s  com­
p l i c a t i o n  w hich preven ted  Jackson e t  a l .  (1951) from w h oleheart­
e d ly  a d v o ca tin g  terram ycin  for  th e  treatm ent o f pneumonia. In  
t h e ir  s e r i e s  o f  91 c a s e s ,  3V had d iarrh oea . C ultures o f  the  
s t o o l  were made in  18 o f  th ese  and in  12 r e s i s t a n t  s tr a in s  o f  
S ta p h y lo co ccu s aureus grew p r o fu s e ly . The sta p h y lo co c c a l  
d ia rrh o ea  may have c o n tr ib u te d  to  th e  death  o f a t l e a s t  th ree  
o f  t h e s e  p a t ie n t s .  F in la n d , Grigsby and Haight (1954) found 
th a t  th e  b e s t  cure fo r  p a t ie n ts  w ith  secondary s ta p h y lo co c c a l  
e n t e r i t i s  was to  s to p  th e  a n t ib io t ic  and in stea d  t r e a t  the  
prim ary in f e c t io n  w ith  in tram uscu lar p e n i c i l l i n .  T his prompt­
ly  r e s to r e d  th e  bow el f lo r a  to  normal and th e  s ta p h y lo c o c c i,  
a lth o u g h  r e s i s t a n t  to  p e n i c i l l i n ,  c lea red  from the s t o o l .
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U n fo r tu n a te ly  t h i s  happy r e s u l t  i s  not always ob ta in ed  and in  
their s e r i e s  o f  520 p a t ie n ts  tr e a te d  w ith  aureomycin or te r r a -  
raycin fo r  v a r io u s  in f e c t io n s ,  m ainly pneumonia, two d ied  w ith in  
24 hours o f  th e  s t a r t  o f  a se v e r e  s ta p h y lo c o c c a l e n t e r i t i s .
Other sev en  p a t ie n t s  d ied  a f t e r  th e  d iarrh oea  had le sse n e d  or 
stop ped  but t h e ir  gen era l c o n d it io n  had f a i le d  to  improve.
Oral symptoms occur more o f te n  when th e  a n t ib io t ic  
has been used  to  t r e a t  a so r e  th ro a t or other lo c a l  in f e c t io n .  
C e rta in  changes in  th e  oro-p h aryn gea l mucous membrane accompany 
th e s e  symptoms. In  th e  mouth, th e  c l a s s i c a l  p ic tu r e  o f  th ru sh  
i s  uncommon. More o f te n  th e r e  i s  a red v esico -p a p u la r  eru p tion  
on th e  u v u la  e x ten d in g  to  th e  hard p a la te ,  pharynx and b u cca l 
mucosa. When th e  l ip s  a ls o  are  in v o lv ed  th e  c o n d itio n  resem bles  
p e r le c h e  or angular s t o m a t i t i s .  On th e  tongue an a trop h ic  or a 
h y p ertro p h ic  g l o s s i t i s  may d eve lop , th e  former b e in g  more common. 
In  t h i s  c o n d it io n  th e  normal w h ite  c o a tin g  i s  l o s t  le a v in g  the  
tongue raw, red  and smooth w ith  a 11 b e e fy ” appearance. The hyper­
tr o p h ic  typ e  o f  g l o s s i t i s  i s  due to  the hypertrophy o f  the f i l i ­
form  p a p i l l a e .  The accum ulation  o f  m atted h a ir - l ik e  p ro cesses  
g iv e s  th e  tongue th e  appearance o f  b e in g  brown or b lack  and 
h a ir y .
The a n o -r e c ta l  syndrome does n ot develop u n t i l  the  
p a t ie n t  has been r e c e iv in g  an a n t ib io t ic  fo r  at l e a s t  5-7 days
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and i t  may p e r s i s t  fo r  some weeks a fterw a rd s. P ro cto sco p ic  ex­
am in ation  in  th e s e  p a t ie n t s  shows p e r ia n a l erythema w ith  th ic k ­
en in g  and e x c o r ia t io n  o f  th e  p e r ia n a l sk in . There may be super­
f i c i a l  f i s s u r e s  a t  the m argins o f  th e  anus. A lle r g ic  r e a c t io n s  
are  r a re  bu t drug r a sh e s  and drug fe v e r  may occu r. With c h lo r ­
am ph en icol, m uscle f a t ig u e  w ith  temporary ophthalm oplegia i s  
a r a r e  co m p lic a tio n  and, a f t e r  prolonged a d m in is tra tio n , agram - 
l o c y t  os i s  has been  rep o r ted .
SIDE-EFFECTS IN THE PRESENT SERIES 
MATERIAL AND METHODS
Two groups o f  p a t ie n ts  were s tu d ie d . F i r s t l y ,  the  
pneumonia group o f  75 who r e c e iv e d  an average dose o f 1 4 .2g 
terram ycin  in  f i v e  d a y s . The s e le c t io n  o f th e se  p a t ie n ts  has 
been d e sc r ib e d  in  Chapter I .  Secon d ly , a s e r ie s  o f  80 p a t ie n ts  
s u f f e r in g  from pulmonary tu b e r c u lo s is  were g iven  a cou rse  o f  
a n t i b i o t i c .  The on ly  c r i t e r i a  used in  s e l e c t in g  p a t ie n ts  for  
in c lu s io n  in  th e  tu b e r c u lo s is  s e r ie s  was th a t they should not 
be h av in g  a co u rse  o f  strep tom ycin  therapy and should be w e ll  
enough to  be up to  th e  t o i l e t .  The exposure o f  p a t ie n ts  v/ho 
were c o m p le te ly  co n fin ed  to  bed w ith  tu b e r c u lo s is  to  the r is k  
o f  t o x ic  e f f e c t s  from a n t ib io t i c s  was n ot f e l t  to  be j u s t i f i e d .
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There w ere two wards o f  male tu b e r c u lo s is  p a t ie n ts  and two 
p a t ie n t s  from each were tr e a te d  s im u lta n eo u sly . The two in  one 
ward were g iv e n  one a n t ib io t i c  and the two in  th e  o th er  ward 
r e c e iv e d  an oth er  a n t i b io t i c .
C hloram phenicol was g iven  to  a group o f  35 c a s e s ,  
aureom ycin to  a group o f  20 c a s e s ,  and terram ycin to  a group o f  
25 c a s e s .  The a n t ib io t i c  was g iven  in  a dose o f  lg  every  s ix  
hours fo r  a t o t a l  dose o f  16g over a p eriod  o f four days.
D uring th e  cou rse  o f  a n t ib io t ic  I qu estion ed  the  
p a t ie n t s  about s u b je c t iv e  s i d e - e f f  e c t s ; in sp e c te d  t h e ir  mouths 
fo r  m ucosal changes and recorded  d a i ly  the number and appearance 
o f  th e  s t o o l s ,
resuits
In th e  pneumoni a group, remarkably few p a t ie n ts  had 
s i d e - e f f e c t s  d u rin g  terram ycin  th erap y . A few  complained o f  
nau sea  but none had vom itin g  and on ly  th r ee  had d iarrh oea .
Seven p a t ie n t s  develop ed  a raw, p a in fu l tongu e. Other two com­
p la in e d  o f  so r e  th r o a t  and one o f  th e se  developed a b lack  
to n g u e . None had th e  an o-recta l syndrome.
In th e  tu b e r c u lo s is  s e r ie s  to x ic  r e a c t io n s  were more
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common (T ab le  6); 46 p a t ie n t s  (57#) had some d is tu rb a n ce . Of 
th e  19 {24:%) who com plained o f  g a s t r ic  u p se t , nausea was the  
u su a l fe a tu r e  and 4 had o c c a s io n a l vom itin g . In 2 p a t ie n ts








Total 35 20 25 80
Gastric Upset: 6 4 9 19 24#
Nausea 4 4 9 17
Vomiting 1 2 3 6
Bad taste  in  mouth 2 0 0 2
Epigastric pain 1 0 1 2
Diarrhoea: 17 8 16 41 51#
Average no. of stools per day
Normally 1 1 1
Day 1 1 1 1
Day 2 2.3 2 2
Day 3 2.3 2 2.5
Day 4 2.3 2 2
Oral Manifestations:
Atrophic g lo s s it is 3 4 2 9 11#
Black tongue 3 0 3 6 7%
Ano-Rectal Syndrome 1 1 2 4 5$
6 8
(1  on aureom ycin and 1 on terram ycin) vom itin g  was so  se v er e  
th a t  th e  drug had to  he d isco n tin u e d  on th e  th ir d  day. Two 
p a t ie n t s  had a had t a s t e  in  th e  mouth and two had e p ig a s tr ic  
p a in . The h ig h e s t  p ro p o rtio n  w ith  g a s t r ic  u p set was in  the  
terram ycin  group, 36$ (9 p a t i e n t s ) ,  n ex t in  the aureomycin  
group, 20$ (4 p a t ie n ts )  and then  in  th e  ch loram phenicol group, 
17$ (6 p a t i e n t s ) .
D iarrhoea occurred in  41 (51$) o f th e  s e r i e s .  In  none 
o f  th e  c a s e s  was th e  symptom se v e r e . In  the chloram phenicol 
and terram ycin  groups th e  p a t ie n ts  had 2 -3  s to o ls  per day and 
in  th e  aureom ycin group 4 -5  s t o o ls  was commoner in  th o se  w ith  
d ia r r h o e a . S ix te e n  p a t ie n t s  (64$) in  th e  terram ycin  group,
17 p a t ie n t s  (49$) in  the ch loram phenicol group and 8 p a t ie n ts  
(40$) in  th e  aureomycin group had the symptom.
I t  seemed o f in t e r e s t  to  d isc o v e r  a t  what period  o f  
th e  a n t ib io t i c  cou rse  abnormal s t o o ls  appeared. Table 7 shows 
th a t  o f  80 p a t ie n t s ,  th e  s t o o l s  were s o f t  in  24 , lo o se  in  16 
and green  in  4 a f t e r  8g a n t ib io t i c ,  the number o f  green s t o o ls  
r i s i n g  to  12 a t  th e  end of th e  co u r se . Almost h a lf  th e  s t o o ls  
rem ained norm al throughout the course of a n t ib io t i c .  The f r e ­
quency o f  th e  s t o o l s  Is  shown in  Table 6 from inform ation  g iven  
by th e  pat5_ents th e m se lv e s . In the average th e r e  was a d e f in ­
i t e  change in  bow el h a b it from one m otion each day to  two.
In 9 p a t ie n t s  (11$) the tongue became raw and p a in fu l
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and in  6 p a t ie n t s  (7$) i t  became b la ck  and h a ir y . A photograph  
TABLE 7 . -  DOSE OF ANTIBIOTIG AND APPEARANCE OF STOOL.
ANTIBIOTIC GROUP TOTAL
APPEARANCE OF STOOL
NORMAL SOFT LOOSE GREEN
Before Chlor. 35 34 1 0 0
Aureo. 20 18 2 0 0
Terr. 25 22 3 0 0
Series 80 74 6 0 0
After 8 g. Chlor. 35 16 9 10 0
Aureo. 20 12 3 2 3
Terr. 25 8 12 4 1
Series 80 36 24 16 4
After 16 g. Chlor. 35 14 12 6 3
Aureo. 20 10 3 0 7
Terr. 25 14 8 1 2
Series 80 38 23 7 12
o f one o f  th e  b la c k  tongu es i s  shown. Pour p a t ie n ts  (5$)
com plained o f  th e  a n o -r e c ta l  syndrome. These p a r t ic u la r
7 0
symptoms were more or l e s s  e q u a lly  d is tr ib u te d  in  the th ree
Blaok Tongue.
treatm en t groups excep t th a t no b la ck  tongues occurred  in  the  
aureomycin group.
One p a t ie n t  com plained o f b lu r r in g  o f v i s io n  w h ile  on 
ch loram p henicol and he was su b seq u en tly  g iv en  another course  
o f ch loram p h en ico l. More d e t a i l s  o f t h i s  phenomenon w i l l  be 
found in  Appendix I I I .
DISCUSSION
The com parative freedom  from t o x ic  e f f e c t s  in  th e
pneumonia group tr e a te d  w ith  terram ycin  i s  th e  more rem arkable 
when w e .c o n s id e r  th a t  in  th e  tu b e r c u lo s is  s e r ie s  terram ycin  
caused more g a s t r o - in t e s t in a l  u p se t  than e it h e r  aureomycin or 
ch loram p h en ico l. The dosage employed was r e l a t i v e l y  h ig h . 
W illco x  (1951) found th a t  of 38 p a t ie n t s  s u f fe r in g  from ven er­
e a l  d is e a s e  and g iven  5 -9 g  of terram ycin  in  5-7  days, 13% had 
g a s tr ic  u p se t  and 24:% d ia rrh o ea . In t h i s  tu b e r c u lo s is  s e r ie s  
36% had g a s t r ic  u p se t w ith  terra m y c in , a f ig u r e  s im ila r  to  th e  
32% o f 87 p a t ie n ts  tr e a te d  by F in lan d  e t  a l .  (1950) w ith  t e r r a ­
mycin fo r  m isc e lla n eo u s  in f e c t io n s .  Only 37% o f t h e ir  group
had d ia r rh o ea , how ever, compared w ith  64% in  th e  p resen t group.
Both H arris (1950) and Tomaszewski (1951) found  
g a s tr ic  u p se t more common w ith  aureomycin than ch loram p h en ico l. 
In  H a r r is 1s group o f  110 p a t i e n t s ,  34 who were unable to  t o l e r ­
a te  aureomycin were a b le  to  f i n i s h  th e  cou rse  on chloram pheni­
c o l .  The frequ en cy  o f  d iarrh oea  in  the tu b e r c u lo s is  s e r ie s  
tended to  be h igh er  than th a t  found by o th er  w ork ers. In  
H a r r is !s p a t ie n t s  ch loram p h en ico l caused on ly  a mild d iarrh oea  
in  a few but th e  symptom was more sev ere  w ith  aureom ycin. In  
Tom aszew ski1s p a t ie n t s  the s t o o l s  became s o f t  or lo o s e  w ithou t 
in c r e a s in g  in  number.
On th e  other hand, r e l a t i v e l y  few o f the p resen t  
p a t ie n t s  had th e  a n o -r e c ta l  syndrome compared w ith  13% o f  
W illcox> s p a t ie n t s .  Oral co m p lic a tio n s  occurred in  s im ila r  
d egree to  th a t  found by F in lan d  who noted  s to m a t it is  in  6% o f  
h is  p a t ie n t s ,  w h ile  10% o f  Tom aszew ski!s p a t ie n ts  developed  a 
b lack  ton gu e.
The s i d e - e f f e c t s  are d isc u sse d  fu r th e r  in  Chapters
I V .  an d  V.
In  th e  n e x t ch ap ter  th e  changes w hich  
occurred  in  th e  m ic r o flo r a  o f  th e  r e s p ir a to r y  and 
a lim en ta ry  t r a c t s  d u rin g  a n t ib io t i c  therap y are  
s tu d ie d .
In  th e  f i r s t  s e c t io n  a t t e n t io n  i s  drawn 
to  th e  growths o f  th e  y e a s t  Candida a lb ic a n s  which  
were found in  th e  sputum, fa u c e s  and rectum  o f th e  
pneumonia s e r i e s  and in  th e  sputum and fa e c e s  o f  
th e  tu b e r c u lo s is  s e r i e s .  The r e s u l t s  in  th e  pneu­
monia s e r i e s  have a lrea d y  been p u b lish ed  in  th e  
L ancet, February 2 0 th . 1954, under th e  t i t l e  "The 
Growth o f  Candida a lb ic a n s  d u rin g  A n t ib io t ic  
Therapy".
The second s e c t io n  d e a ls  w ith  th e  e f f e c t  
o f  a n t ib io t i c s  on th e  growth o f  c o lifo r m s  in  the  
i n t e s t i n a l  t r a c t  o f both  th e  pneumonia and th e  
tu b e r c u lo s is  s e r i e s .
CHAPTER I I I .
THE EFFECT OF ANTIBIOTIC THERAPY ON THE MICROFLORA
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S e c tio n  1 . THE GROWTH OF CANDIDA ALBICANS 
INTRODUCTION
When a y e a s t  i s  found in  th e  human hody i t  alm ost in ­
v a r ia b ly  proves to  be th e  s p e c ie s  known as Candida a lb ic a n s .
I t  b e lon gs to  th e  group o f  Fungi Im p er fec tI  which are ch a ra cter­
is e d  by the form ation  o f  on ly  a se x u a l sp o res  and in  which th e  
p e r fe c t  or se x u a l s ta g e  i s  unknown. In  th e  fa m ily  Crypto co c ca -  
cea e  th e  y e a s t s  reproduce by th e  budding o f f  o f  daughter c e l l s  
w hich in  tu r n  may bud to  form a mass o f  sp h e r ic a l  c e l l s .  These  
fu n c t io n  as sp o res and a re  c a l le d  b la s to s p o r e s . In  th e  sub­
fa m ily  C an d id o id eae, th e  y e a s t s  c h a r a c t e r i s t i c a l ly  form a 
pseudom ycelium . T h is i s  a s tr u c tu r e  produced by budding c e l l s  
e lo n g a tin g  and c l in g in g  to g e th e r  in  c h a in s , and so  resem b lin g  a 
tru e  m ycelium . Some s p e c ie s  a ls o  produce, by a p ro cess o f  d i s ­
a r t i c u la t io n  o f  th e  m ycelium , y e a s t - l ik e  c e l l s  known as a r th ro -  
sp o r e s . The form s which produce b la s to s p o r e s  on ly  are  c l a s s i ­
f i e d  in  the genus Candida. The s p e c ie s  Candida a lb ic a n s  converts 
th e  term in a l c e l l s  in  the pseudom ycelium  in to  th ic k -w a lle d ,  
round, r e s t in g  sp o r e s , c a l le d  ch lam ydospores. These enable the  
fungus to  e x i s t  d u rin g  lo n g  p er io d s o f  dormancy. Candida
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a lb ic a n s  i s  n o t on ly  th e  type s p e c ie s  o f th e  genus but i t  i s  
th e  s p e c ie s  o f  o u ts ta n d in g  im portance and i n t e r e s t .  In  1931 
Benham showed th a t  a l l  th e  p ath ogen ic  Candida i s o la t e d  from  
th e  human body were th e  same s p e c ie s ,  Candida a lb ic a n s . The 
d if f e r e n c e s  in  th e  v a r io u s i s o l a t e s  were unworthy, in  her  
o p in io n , o f  b e in g  r ec o g n ise d  by a d i s t i n c t i v e  name.
Y e a sts  were among th e  f i r s t  m icro-organism s to  be de­
sc r ib e d  b ecause t h e ir  r e l a t i v e l y  la rg e  s i z e  made them more 
r e a d ily  v i s i b l e  in  th e  days b e fo r e  th e  compound m icroscope. 
There has been in  th e  p a s t  some c o n fu s io n  in  th e  nom enclature  
°** a lb ic a n s . In  1839 Langenbeck f i r s t  found a fungus
in  p a tch es o f  th ru sh  in  th e  mouth and in  1847 Robin d escr ib ed  
th e  th ru sh  fungus in  d e t a i l .  He gave i t  the name Oidium a l b i ­
cans but as i t  d id  not b e lon g  to  th e  genus Oidium i t  was r e ­
named M on ilia  a lb ic a n s  by Zopf in  1890. The d is e a s e  caused by 
in f e c t io n  w ith  t h i s  organism  i s  s t i l l  c a l le d  m o n i l ia s is .  For 
a cen tu ry  th e  term  M o n ilia  was used fo r  many organism s but i t  
shou ld  p ro p er ly  be r e s t r i c t e d  to  a group o f p la n t pathogens 
w hich cause brown r o t  o f f r u i t .  At th e  Third I n te r n a t io n a l  
M ic r o b io lo g ic a l  Congress in  1939 the d e le g a te s  d ecid ed  to  u se  
the name Candida fo r  th e  genus and t h i s  name i s  now r e p la c in g  
th e  more fa m ilia r  but in v a l id  one, M o n ilia .
A lthough th e  human body i s  not th e  s o le  h a b ita t  fo r
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th e  genus Candida th e  s p e c ie s  Candida a lb ic a n s  has n ever  been  
found u n a sso c ia te d  w ith  man or a n im a ls . In d i f f e r e n t  su rveys  
i t  has been i s o la t e d  from 6 to  24%o o f  h e a lth y  mouths and th r o a ts  
and in  about lb%  o f  normal f a e c e s .  The fungus i s  u s u a l ly  pre­
se n t  in  sm a ll numbers s in c e  th e  normal f lo r a  i s  predom inantly  
b a c t e r ia l .  The d is e a s e  i t  prod u ces, m o n i l ia s i s ,  i s  c l a s s i f i e d  
as one o f th e  s u p e r f i c ia l  m ycoses because Candida u s u a lly  pene­
t r a t e s  o n ly  th e  sk in  and mucous membranes. I t  can, however, 
in vad e th e  deeper t i s s u e s  and become a deep m y co sis . I t  i s  then  
th a t  m o n i l ia s is  becomes a s e r io u s  and o f te n  f a t a l  d is e a s e .  Cases 
w ith  b lo o d -strea m  in v a s io n  (W essler and Browne 1945), m e n in g it is  
(M orris, K alz and L o tsp e ich  1 9 4 5 ), e n d o c a r d it is  (P astern ack  
1942) and g e n e r a lis e d  v i s c e r a l  involvem ent (G ausew itz, Jones and 
W orley 1951) a l l  due to  Candida a lb ic a n s  have been rep o rted .
Many r e p o r ts  o f  broncho-pulm onary m o n il ia s is  have been p u b lish ed  
s in c e  th e  c o n d it io n  was f i r s t  r ec o g n ise d  as a c l i n i c a l  e n t i t y  by 
C a s te l la n i  in  1905.
A d e f i n i t e  d ia g n o s is  o f  m o n il ia s is  i s  frau gh t w ith  
d i f f i c u l t y .  To e s t a b l i s h  th e  d ia g n o s is  the c a u sa l organism , 
Candida a lb ic a n s , must be dem onstrated in  la r g e  numbers in  c l i n ­
i c a l l y  t y p ic a l  l e s i o n s .  These a r e : -
1 . P ro-p haryngeal m o n i l ia s i s . In th e  mouth th e  c l a s s i c a l  
l e s io n  i s  th r u sh . On th e  b u cca l mucosa, p laq ues o f  w h ite  or
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cream exudate appear w hich c o a le s c e  to  form  a membrane. T h is  
i s  e a s i ly  detached  from th e u n d er ly in g  reddened mucosa which  
i s  l e f t  dry and g la z e d . The s o f t  p a la te  and surrounding t i s s u e s  
become red  and oedem atous. The tongue becomes t h ic k ly  coated  
g iv in g  a b la ck  h a ir y  appearance. When t h i s  c o a tin g  p e e ls  o f f  
th e  tongue i s  l e f t  red , sw o llen  and te n d e r . The p a t ie n t  com­
p la in s  o f  burning and so r en ess  o f  th e  mouth, th r o a t and ton gu e.
2 ,  O esophageal and tr a c h e a l m o n i l ia s i s . The membranous 
plaque form ation  may spread down th e  oesophagus or trach ea  
c a u sin g  an o e s o p h a g it is  or t r a c h e i t i s .  The symptoms are  pa in  
on sw a llo w in g , r e t r o - s t e r n a l  p a in , h u sk in ess  and a dry non-pro­
d u c tiv e  cough. The membrane may a ls o  cause o b s tr u c t iv e  symptoms 
l ik e  dysphagia  and dyspnoea. These are a l le v ia t e d  when th e  mem­
brane becomes detached  and i s  e x p e c to r a te d .
In a l l  th e  l e s io n s  o f  th e s e  two groups th e  d ia g n o s is  
depends on exam ination  o f  a p a tch  o f  membrane. M ic r o sc o p ic a lly  
i t  i s  seen  to  c o n s is t  o f  numerous y e a s t  c e l l s  in  a f ib r in o u s  
m atrix , and c u ltu r e  on Sabouraudfs medium y ie ld s  an alm ost pure 
growth o f  Candida a lb ic a n s .
Cufrafteous m o n ilia s i s .  T y p ic a lly  th e  le s io n s  here are c i r ­
cum scribed , erythem atous and exu d ative  p a tch es w ith  a papulo­
squamous bord er. In  th e s e ,  Candida i s  found in  abundance. The 
c o n d it io n  most commonly occu rs where two sk in  su r fa c es  are in
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c o n ta c t ,  a s an i n t e r t r ig o ,  but g e n e r a lis e d  forms a ls o  occu r . 
Onychia and paronychia  due to  Candida may d evelop  in  p eop le  
whose sk in  has become m acerated from fr e q u e n t im m ersion in  
w a ter .
4 .  Broncho-pulmonary m o n i l ia s i s . In th e  b ro n c h ia l typ e  th e  
main symptom i s  cough w ith  a m ucoid, g e la t in o u s  sputum in  w hich  
are grey  f la k e s  o f  budding y e a s t  c e l l s ,  The p a t i e n t ! s h e a lth  
g e n e r a lly  rem ains good, th e  p h y s ic a l  s ig n s  are  th o se  o f  b ron ch i­
t i s  and X -ray o f  th e  c h e s t  may show in c r e a s e  in  th e  p e r i-b r o n ­
c h ia l  m ark ings.
The pulmonary typ e i s  l e s s  common but more s e r io u s .
The p a t ie n t  has a p le u r a l  p a in , cough w ith  a g e la t in o u s  sputum  
w hich i s  o f te n  b lo o d -s ta in e d  and th e  tem perature and p u lse  are  
e le v a te d . I t  i s  a broncho-pneum onic typ e  o f  i l l n e s s  and c h e st  
X -ray shows p a tch es o f  c o n s o l id a t io n , most marked a t  th e  b ases  
o f  th e  lu n g s .
Broncho-pulmonary m o n il ia s is  i s  th e  most d i f f i c u l t  
typ e  o f  a l l  to  d iagn ose  w ith  c e r ta in t y .  I t  i s  n o t p r a c t ic a b le  
to  examine th e  parenchyma o f  th e  lun g fo r  Candida during l i f e  
and f in d in g  th e  organism  in  th e  sputum does n o t warrant th e  
d ia g n o s is .  Candida i s  a common secondary invad er in  p a t ie n ts  
w ith  another prim ary lun g  d is e a s e ,  and many c a se s  would be more 
a c c u r a te ly  d e sc r ib ed  as ’’secondary th ru sh  o f  th e  b ron ch i” . T h is,
78
o ccu rr in g  in  p a t ie n t s  whose g en era l h e a lth  i s  a lrea d y  p oor , may 
h a sten  a f a t a l  outcom e. Ormerod and Friedman (1951) rep o rted  
a c a s e  o f  m o n i l ia s is  o f  th e  oro-pharynx sp read in g  to  th e  bron­
c h i but th e  f i n a l  cau se  o f  d eath  was a s ta p h y lo c o c c a l pneumonia. 
In th e  d ia g n o s is  o f  c a se s  o f  pulmonary m o n il ia s is  w hich have r e ­
covered  r e l ia n c e  has to o  o f te n  been p la ced  on f in d in g  Candida in  
th e  sputum o f  a p a t ie n t  w ith  obscure s ig n s  and symptoms o f  chron­
i c  c h e st d is e a s e  ( e . g .  B a r la ss  and A k yel, 1 9 5 1 ). A very  con­
v in c in g  c a se , how ever, was rep o rted  by H ia tt  and M artin (1946) 
o f  a p a t ie n t  who recovered  from pulmonary m o n il ia s is  a f t e r  
trea tm en t w ith  inmune serum. The p a t ie n t  was g iven  g ra d u a lly  
in c r e a s in g  d oses su b cu tan eou sly  o f serum from a r a b b it  which had 
been immunised a g a in s t  Candida a lb ic a n s .
The occu rren ce  o f  m ycotic  in f e c t io n s  as a se q u e l to  
a n t ib io t i c  th erap y  has r e c e n t ly  brought m o n il ia s is  in to  g r ea ter  
prom inence. The o r ig in a l  in f e c t io n  fo r  w hich th e  a n t ib io t ic  i s  
g iv en  c le a r s  up but the p a t ie n t  su b seq u en tly  d ev e lo p s symptoms 
and s ig n s  o f  m o n i l ia s is .  Woods, Manning and P a tterso n  (1951) 
were among th e  f i r s t  to  g iv e  p a r t ic u la r s  of su ch  c a s e s . They 
d e scr ib ed  20 c a se s  o f  oro -p h aryn gea l, 3 o f  i n t e s t i n a l  and 2 o f  
broncho-pulm onary m o n il ia s is  and th ey  con sid ered  th a t  the y e a s ts  
had e it h e r  in c re a se d  in  v ir u le n c e  or by sh eer in c r e a se  in  numbers
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had assumed p a th ogen ic  p r o p e r t ie s  fo l lo w in g  a n t ib io t i c  th era p y . 
The freq u en cy  o f m o n il ia s is  a f t e r  a n t ib io t i c  trea tm en t i s  n ot  
known. I t s  r a r i t y  may be judged by th e  f a c t  th a t  th e  occu rren ce  
o f  a s in g le  c a se  s t i l l  w arrants p u b lic a t io n  ( e . g .  Browne, 1 9 5 4 ).
The d i f f i c u l t y  in  e s t a b l i s h in g  a d e f i n i t e  d ia g n o s is  
o f  pulmonary m o n il ia s is  has a lrea d y  been m entioned . I t  i s  a 
common p r a c t ic e  to  g iv e  a co u rse  o f  a n t ib io t i c  as a th e r a p e u tic  
t e s t  to  a p a t ie n t  w ith  symptoms and s ig n s  o f  ch ron ic  c h e s t  d i s ­
e a se . Should th e  d ia g n o s is  of m o n i l ia s is  su b seq u en tly  be made, 
i t  m ight e a s i l y  be a t t r ib u te d , a lth o u g h  w ith ou t j u s t i f i c a t i o n ,  
to  th e  r e s u l t s  o f  a n t ib io t i c  th era p y .
Most r e p o r ts  on the se q u e la e  o f  a n t ib io t i c  therapy  
m ention overgrow ths o f  Candida o n ly  when th ey  are found in  
a s s o c ia t io n  w ith  a c l i n i c a l  l e s io n  s u g g e s t iv e  o f  m o n i l ia s i s .
In  t h i s  in v e s t ig a t io n  a l l  th e  p a t ie n t s  were examined fo r  Candida 
during t h e ir  co u rse  o f a n t ib io t i c  w hether or n o t th e r e  was 
rea so n  to  su sp e c t  th e  p resen ce  o f  y e a s t s .
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PART I . PNEUMONIA SERIES
In con d u ctin g  a th e r a p e u tic  t r i a l  o f  terram ycin  in  
pneumonia an e x c e l le n t  o p p o rtu n ity  was a ffo rd ed  fo r  com paring  
a broad-spectrum  a n t ib io t i c  w ith  su lp h a d ia z in e , a chem othera­
p e u tic  agen t w hich was n o t b a c t e r io c id a l .  The sputum, fa u c e s  
and rectum  were examined fo r  Candida in  th e  two groups b e fo r e ,  
du rin g  and a f t e r  trea tm en t. In  a d d it io n , th e  sputum was exam­
in ed  fo r  Candida in  a l l  p a t ie n ts  who were adm itted  to  h o s p i t a l  
w ith  a r e s p ir a to r y  i l l n e s s  d u rin g  th e  p er io d  o f the in v e s t ig a ­
t io n .
MATERIAL AND METHODS
During th e  p er iod  September 1951 to  December 1952, in  
a l l  c a s e s  where th e  sputum was examined r o u t in e ly  on adm ission  
to  con firm  or r e fu te  a d ia g n o s is  o f  pneumonia or t u b e r c u lo s is ,  
th e  specim en was a ls o  examined fo r  y e a s t s .  A t o t a l  o f  367 
ad m ission  sp u ta  accru ed . T h is f ig u r e  in c lu d e s  sputa  from males 
and fem a les in  whom th e  d ia g n o s is  o f  pneumonia was confirm ed, 
th o se  who were found to  have some o th er  r e s p ir a to r y  d is e a s e ,  
th o se  whose symptoms were a t t r ib u ta b le  m ainly to  card iac  f a i lu r e  
and 57 m ales who were n o t i f i e d  by the c h e st  c l i n i c  as having  
tu b e r c u lo s is  r e q u ir in g  h o s p i t a l  trea tm en t.
Of th o s e , th e  176 p a t ie n t s  in  th e  treatm en t t r i a l  were
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used to  stu d y  th e  gro¥/th o f  Candida d u rin g  chem otherapy. The 
26 p a t ie n t s  whose pneumonia was not confirm ed r a d io lo g ic a l ly  
are in c lu d ed  as each had th e  f u l l  co u rse  o f  trea tm en t. Of th e  
19 p a t ie n t s  who had p e n i c i l l i n ,  th e  3 who had a s in g le  d ose  o f  
p e n i c i l l i n  b e fo re  th e  co u rse  o f  su lp h a d ia z in e  are in c lu d ed  in  
th e  su lp h a d ia z in e  group. S ix  p a t ie n t s  who d ied  b e fo re  th e  
s e r i e s  o f  exam in ation s was com p lete  have been exclud ed  and thu s  
the t o t a l s  are: terram ycin  group 85 p a t ie n t s ,  and su lp h a d ia ­
z in e  group 69 p a t ie n t s .  The group o f  16 p a t ie n t s  who had a 
co u rse  o f  p e n i c i l l i n  are  co n sid ered  s e p a r a te ly .
In th e  pneumonia s e r i e s ,  in  a d d it io n  to  th e  specim en  
o f  sputum, a p o s t -n a s a l  swab and a r e c t a l  swab were taken on 
a d m issio n . A fte r  th e  f i r s t  51 p a t ie n t s  had been in v e s t ig a te d  
a th r o a t  swab was s u b s t itu te d  fo r  th e  p o s t -n a s a l  swab because  
o f  th e  in fr e q u e n t i s o l a t io n  o f  Candida from p o s t -n a s a l  swabs, 
( v . i n f r a ) .  Prom a l l  p a t ie n t s ,  r e c t a l  and p o s t -n a s a l or th ro a t  
swabs were a ga in  tak en  on the t h ir d ,  f i f t h ,  sev en th  and n in th  
days in  h o s p i t a l .  F urther specim ens o f  sputum were ob ta in ed  
from 61 o f  th e  p a t ie n t s  (28 in  th e  terram ycin  group and 33 in  
th e  su lp h a d ia z in e  group) on th e  th ir d  to  f i f t h  days during  
trea tm en t and again  on th e  second to  fo u r th  day a f t e r  th e  end 
o f  trea tm en t.
A fte r  b e in g  c o l le c t e d  from th e  p a t ie n t ,  a l l  specim ens
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were taken  to  th e  la b o r a to ry  a t once fo r  exam in ation  f o r  y e a s t s .  
When t h is  was im p o ss ib le  th e  specim en was im m ed iate ly  put in  th e  
r e f r ig e r a t o r  u n t i l  th e  exam in ation  cou ld  be made.
I s o la t io n  o f  y e a s t s . From each specim en o f  sputum, a f t e r  
e m u ls i f ic a t io n  w ith  5 m l. o f  s t e r i l e  b ro th , a lo o p fu l  was in o c u ­
la te d  on to  a p la t e  o f  Sabouraud’ s medium. P o s t -n a s a l,  th r o a t  
and r e c t a l  swabs were in o c u la te d  d i r e c t ly  on to  t h i s  medium. The 
p la te s  were in cu b ated  a t  37°C . fo r  24 hours b e fo r e  b e in g  examin­
ed fo r  growth o f  y e a s t s .  A l l  p la t e s  w hich a t t h i s  s ta g e  were r e ­
garded as n e g a t iv e  were kept a t room tem perature fo r  a fu r th e r  3 
days b e fo re  th e y  were f i n a l l y  examined and d isc a r d e d . The amount 
o f  growth was record ed  as " ab sen t” ; " sca n ty ” when d is c r e t e  c o l ­
o n ie s  o f  y e a s t s  were p r e se n t over th e  s i t e  o f  th e  o r ig in a l  in ­
oculum, "heavy” when c o lo n ie s  o f y e a s t s  appeared over th e  whole  
o f  th e  area  in o c u la te d  or w ere d e n se ly  packed over th e  s i t e  o f  
th e  o r ig in a l  inoculum . The photographs show t y p ic a l  exam ples o f  
th e  d i f f e r e n t  growths o b ta in e d .
The fo llo w in g  c r i t e r i a  were used t o  id e n t i f y  Candida
a lb ic a n s :
1 . M orphology: T y p ic a lly ,  c o lo n ie s  a r e  la r g e ,  sm ooth,
w h ite  or cream in  co lo u r  w ith  a p a s ty  c o n s is te n c y .
The p resen ce  o f  y e a s t  c e l l s  was confirm ed by m icro­
sc o p ic  exam in ation  o f  f i lm s  made from r e p r e s e n ta t iv e
S can ty  g r o w t h  of  Candida a l b i c a n s
H ^av v  a r o w t h  of C and id a  a lb ican s
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c o lo n ie s .
2 . The a b i l i t y  to  grow a t room tem perature. T his served
to  em phasise t h e ir  d i f f e r e n t ia t io n  from c o c c i which  
rem ained s t a t i c .
3 .  Sugar r e a c t io n s :  From each p a t ie n t ,  hut n ot from each
sp ecim en , a r e p r e s e n ta t iv e  co lo n y  was grown in  sugar 
media and found to  g iv e  the r e a c t io n s  of Candida 
a lb ic a n s : nam ely, form ation o f  a c id  and gas in  g lu ­
c o se  and m a lto se : a c id  on ly  in  su cro se; and no a c id  
or gas in  la c t o s e .
I p e r s o n a lly  c a rr ie d  out th e  exam inations fo r  y e a s t s .
RESULTS
A. ADMISSION SPUTA.
Candida was i s o la t e d  from 49$ o f  th e  367 sputa exam­
in ed  on a d m iss io n , and a heavy growth was obtained from 32$.
The p a t ie n t s  were a n a ly sed  w ith  r e sp e c t  to  age, presen ce  o f  
ch ron ic  c h e s t  d is e a s e  and t h e ir  f i n a l  d ia g n o s is .
Age o f  th e  p a t i e n t . I t  seemed p o s s ib le  th a t  the changes 
in  th e  lu n gs a s s o c ia te d  w ith  a g e in g  might in c r e a se  the l i a b i l i t y  
to  Candida i n f e c t i o n .  T able 8 shows however th a t Candida was 
p r e se n t in  52 (47$) o f  110 p a t ie n ts  under th e  age o f 40 years
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compared w ith  127 (49$) o f  257 p a t ie n ts  over t h i s  age. 
TABLE 8. -  PREVALENCE OF CANDIDA IN ADMISSION SPUTA.
G R O U P TOTAL
NO. OP SPUTA WITH CANDIDA
ABSENT SCANT! HEAVY
A ll groups 367 188 60
r-HI 119 32$
Aged le s s  than AO 110 58 22 20$ 30 27$
Aged more than 40 257 130 38 15$ 89 34$
With chronic bronchitis 138 66 25 18$ 47 34$
With tuberculosis 57 26 7 12$ 24 42$
Total with chronic chest disease 195 92 32 Ufo 71 36$
Without chronic chest disease 172 95 30 17$ 47 28$
With pneumonia 208 113 33 16$ 62 30$
With cardiac failure 33 18 6 18$ 9 27$
P resen ce o f  ch ron ic  c h e st d is e a s e .  The ta b le  shows th a t  o f  
195 p a t ie n t s  w ith  a h is to r y  o f  ch ron ic  c h e st  d is e a s e  103 (53^)
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harboured Candida in  the sputum, whereas o f  172 patien ts with­
out such  a h is to r y  there were 77 (45#) whose sputum yielded  the  
organism .
An attem p t was made to  c o r r e la te  th e se  two fa c to r s  by 
d iv id in g  th e  p a t ie n t s  in to  the fo llo w in g  groups
(a) under 40 years w ith ou t a h is to r y  o f ch est
d is e a se  -  70 p a t ie n ts .
(b) under 40  y ea rs w ith  chronic c h e st d is e a s e  - 40 p a t ie n ts .
(c )  over 40 years w ith ou t a h is to r y  o f  c h est
d is e a se  -102 p a t ie n ts .
(d) over  40 years w ith  ch ron ic  c h e s t  d is e a s e  -155 p a t ie n ts .
The numbers o f  p a t ie n t s  in  th e s e  groups from whose sputa Candida 
was i s o l a t e d  were r e s p e c t iv e ly  30 , 22 , 44 and 84. When a ch i 
square t e s t  i s  a p p lie d  to  th e se  f ig u r e s  we f in d  th a t P * 0 .1 .
T h is r e s u l t  in d ic a te s  th a t  such a d is tr ib u t io n  might have a r isen
by ch an ce . I t  appears th e r e fo r e  th a t age and chronic pulmonary 
i n f e c t io n  bear no r e la t io n  to  th e  p resen ce  o f Candida in  th e  
sputum.
46#  o f  th e  p a t ie n ts  w ith  pneumonia and 45# o f  th ose  
w ith  c a r d ia c  f a i lu r e  had Candida in  th e  sputum.
33. ISOLATION OF CANDIDA BEFORE TREATMENT.
The d is t r ib u t io n  o f Candida in  th e  variou s adm ission  
specim ens o f  th e  pneumonia s e r ie s  i s  shown in  Table 9 . I t  w i l l  
be seen  th a t  th e  h ig h e s t  p rop ortion  o f  p o s i t iv e  r e s u lt s  was 
ob ta in ed  from th e sp u ta . Of th e se  48# were p o s i t iv e  compared
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w ith  26% o f  th e  th r o a t  swabs and 6% o f  r e c t a l  swab3 . S in ce  
150 p a t ie n t s  were s u f f e r in g  from an a c u te  pneumonia and alm ost
TABLE 9. -  DISTRIBUTION OF CANDIDA. IN SPECIMENS BEFORE ANTIBIOTIC THERAPY.
(Both Treatment Groups)
SPECIMEN NUMBER
NO. OP SPECIMENS WITH CANDIDA
EXAMINED ABSENT SCANTY HEAVY
Post-nasal swab 51 51 0 0
Throat swab 103 76 11 11% 16 15%
Sputum 149* 78 22 15% 49 33%
Rectal swab 154 149 1 0.5% 4 2.5%
x 5 cases with no admission sputum.
h a l f  had Candida in  th e  sputum* i t  seemed n ecessary  to  compare 
th e  r e s u l t s  o f  r o u t in e  b a c te r io lo g y  o f  th e  sputum w ith  th e  r e ­
s u l t s  o f  exam in ation  on Sabouraud’s medium. Of the 88 p a t ie n ts  
w ith  ’’p a th o g e n ic ” organism s ( s e e  Chapter I . )  39 (44%>) had a lso  
Candida in  th e  sputum. In th e  group o f  37 p a t ie n ts  in fe c te d  
w ith  ’’non p a th o g en s” 18 (4:9%) had Candida in  th e  sputum. The
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s im i la r i t y  o f th e s e  p ro p o r tio n s su g g e s ts  th a t th e  presen ce o f  
Candida in  th e  sputum could  n ot he regarded as hearin g  any r e ­
la t io n s h ip  to  t h e  a c u te  d is e a s e .
C. ISOLATION OF CANDIDA DURING MD AFTER TREATMENT.
The growth o f Candida during and a f t e r  treatm ent in  
th e  two groups i s  shown in  T ahle 10.
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P o s t -n a s a l  Swabs. I t  has been m entioned th a t p o s t-n a sa l  
swabs were tak en  from  51 p a t ie n t s ,  27 o f  whom were r e c e iv in g  
terram ycin  and 24 su lp h a d ia z in e . Of th o se  51 swabs only two in  
th e  su lp h a d ia z in e  group (b o th  taken  on th e  n in th  day) grew 
Candida. As p o s t -n a s a l  swabs did  not seem to  be a f r u i t f u l  
sou rce  o f  Candida, th r o a t  swabs were taken  from th e subsequent 
ca se s .
T hroat Swabs. The number o f  p a t ie n ts  in  th e  terram ycin  
group w ith  heavy growths o f  Candida r o se  from 9 (1 6 $ ), the f i g ­
ure on a d m iss io n , to  24 (42$) on the f i f t h  day, f a l l i n g  a ga in  
s l i g h t l y  to  17 (30$) on th e  n in th  day. At s im ila r  period s in  
the su lp h a d ia z in e  group th e  f ig u r e s  were 7 (1 5 $ ) , 8 (17$) and 
8 (1 7 $ ) .
S p u ta . In  th e  terram ycin  group th e  number of p a t ie n ts  with 
a heavy growth of Candida r o se  from 9 (32$) on adm ission to  17 
(61$) du rin g  trea tm en t, w h ile , over the corresponding period in  
th e  su lp h a d ia z in e  group th e r e  was no in c r e a se . I t  may be observed; 
how ever, th a t  2 -4  days a f t e r  su lp h ad iaz in e  had been stopped , the  
number w ith  heavy growths r o se  from 10 (30$) to  16 (49$) .
R e c ta l Swabs. Perhaps th e  most s t r ik in g  d if fe r e n c e  in  the  
two trea tm en t groups emerges when th e  r e s u lt s  of th e  r e c ta l  
swabs a r e  compared ( s e e  a ls o  f i g . 2) . In the terram ycin group, 
the number o f p a t ie n t s  showing a heavy growth of Candida had 
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On th e  n in th  day in  h o s p i ta l  i . e .  4 days a f t e r  treatm ent had 
been d is c o n tin u e d , t h i s  h ig h  f ig u r e  p e r s is t e d .  On th e  other  
hand, in  th e  su lp h a d ia z in e  group, the corresp ond ing  f ig u r e s  
were 2 ( 3 / )  p r io r  to  trea tm en t, 4 (5 /)  on th e  f i f t h  day and 
14 {20%) on th e  n in th  day. Again i t  w i l l  he observed th a t  
a f t e r  trea tm en t had been stop p ed , th e r e  was a r i s e  in  th e  num­
ber o f  p o s i t i v e  r e s u l t s  in  the su lp h a d ia z in e  group.
C o r r e la t io n  o f  Throat Swabs and S p u ta . The presen ce o f  
Candida in  both  th e  th r o a t swab and sputum c o lle c t e d  on th e  
same day was s tu d ie d  and i t  was found th a t out of 118 p a t ie n ts  
show ing Candida in  th e  th r o a t  swab and/or sputum, both s p e c i­
mens were p o s i t i v e  in  52 (4 4 /)  . The th ro a t swab on ly  in  5 (4 /)  
and th e  sputum on ly  in  61 (5 2 /)  was p o s i t iv e .  In other words, 
o f  57 c a s e s  whose th r o a t swab was p o s i t iv e ,  th e  sputum was 
p o s i t iv e  in  52 , whereas o f  113 c a se s  whose sputum was p o s i t iv e ,  
th e  th r o a t  swab was p o s i t iv e  in  on ly  52. Such a f in d in g  might 
support a v iew  th a t  th e  y e a s ts  were a c tu a lly  in  the sputum and 
n o t m erely  p r e se n t as a r e s u l t  o f th ro a t contam ination .
P e n i c i l l i n  Group. The growth o f Candida in  th e  p e n ic i l ­
l in - t r e a t e d  group i s  shown in  T able 11. As th e  t o t a l  number 
i s  sm a ll (1 6 ) ,  p ercen ta g es are apt to  be m islea d in g  but they  
are g iv en  h ere  to  a llo w  comparison w ith  th e  other groups. The 
number h av in g  a heavy growth o f  Candida in  the th roa t swab
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r o se  from 1 (6$) on ad m ission  to  4 (25$) on the f i f t h  day, and 
in  th e  r e c t a l  swab from n i l  to  1 (6$) and then to  3 (19$) on th e  
n in th  day in  h o s p i t a l .  The behaviour o f  t h i s  group w ith  regard
TABLE 11. -  GROWTH OF CANDIDA IN THE PENICILLIN GROUP.




Absent 13 8 7
Throat Swab Scanty 2 4 6 16
Heavy 1 4 3
Absent 6 5 4
Sputum Scanty 1 1 1 11
Heavy 4 5 6
Absent 15 15 13
Rectal Swab Scanty 1 0 0 16
Heavy 0 1 3
to  th e  th r o a t  swabs i s  s im ila r  to  th e  terram ycin group b u t  w it/i  
regard  to  th e  r e c t a l  swabs the f ig u r e s  a re  more c lo s e ly  r e la te d  
to  th o s e  in  the su lp h a d ia z in e  group.
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DISCUSSION
The fo r e g o in g  f in d in g s  show th a t ,  in  p a t ie n ts  w ith  
r e s p ir a to r y  i l l n e s s  Candida a lb ic a n s  m y  be is o la t e d  from a con­
s id e r a b le  p ro p o rtio n  o f  adm ission  sputa (49% o f  369 sp u ta ). 
A lthough th e s e  p a t ie n t s  b elon g  to  a sm all and s p e c ia l is e d  group 
o f  th e  p o p u la tio n  th ey  are  f a i r l y  r e p r e s e n ta t iv e  o f  th a t s e c t io n  
o f  th e  community who have a p rod u ctive  cough. The presen ce  o f  
Candida in  th e  sputum was shown not to  be r e la te d  to  the age o f  
th e  p a t ie n t ,  th e  p resen ce  o f  ch ron ic  c h e s t  d is e a se  or the par­
t i c u la r  form o f  c h e s t  d is e a s e  from which th e  p a t ie n t  was s u f f e r ­
in g .  T h is would su g g est th a t  in  th e  sputum Candida i s  u su a lly  
a harm less sap rop h yte . T his i s  tr u e , moreover, even when i t  i s  
p r e se n t  in  la r g e  q u a n t it ie s  in  th e  sputum, s in c e  32% o f  th e  
sp u ta  had heavy growths o f  Candida. Skinner (1947) c ite d  d i f f e r ­
en t s e r i e s  o f  p a t ie n t s  w ith  known or su sp ected  tu b e r c u lo s is  in  
whom Candida was i s o la t e d  from 9-36%. He con sid ered  th a t th e  
w ide d i f f e r e n c e  in  th e  f in d in g s  was due to  th e  varyin g  te c h ­
n iq u e s  employed by th e  workers in  th e  i s o la t io n  o f  Candida. 
A ccording to  C a s t e l la n i ,  Candida may be p resen t in  th e  sputum 
under th r e e  c ircu m sta n ces , -  (a) as sap rop hytes, (b) as second­
ary in v a d ers in  o th er  primary d is e a s e s  o f  th e  lu n g s, and (c) as 
th e  r e a l  a g e n ts  o f  broncho-pulmonary d is e a s e . Candida in  th e  
sputum o n ly  a c q u ir es  s ig n if ic a n c e  when i t  i s  found c o n sta n tly
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and in  la r g e  numbers from a p a t ie n t  who p r e sen ts  a t y p ic a l  
c l i n i c a l  p ic tu r e  o f pulmonary m o n i l ia s is .  Care must f i r s t  be 
taken  to  ex c lu d e  tu b e r c u lo s is ,  th e  d is e a s e  which m o n ilia s is  
most c lo s e l y  r e se m b le s .
I t  i s  in t e r e s t in g  to  compare th e  th ro a t swab r e s u l t s  
w ith  th o s e  o f  o th er  w orkers. In America, Todd (1937) rep orted  
th e  i s o l a t i o n  o f  Candida from th e  th r o a t  in  3 .9 $  o f  1 ,000  
h e a lth y  a d u lt s ,  w h ile  M arples and d i Menna (1952) in  New 
Z ealand record ed  a f ig u r e  o f  6 .3 $  from th e  th ro a t swabs o f 351 
normal p e r so n s . The p resen t f ig u r e  o f  26$ i s  more in  keep ing  
w ith  th o s e  o f  F ish e r  (1936) who found th a t  25$ o f  th r o a ts  o f  
48 c h ild r e n  and 21$ o f  28 a d u lts  had Candida. I t  must be n oted , 
how ever, th a t  my s e r ie s  d if f e r e d  from th o se  rep orted  above in  
th a t  a l l  th e  p a t ie n t s  had a r e sp ir a to r y  in f e c t io n  a t  th e  tim e  
o f  ex a m in a tio n .
When th e  mouth a ls o  i s  examined fo r  Candida by rubbing  
th e  swab over th e  gums and tongue a h igh er  proportion  i s  gener­
a l l y  found t o  harbour th e  organism  than when th e  swab i s  rubbed 
on th e  fa u c e s  o n ly . Todd found 14$ and Marples and d i Menna 
1 8 .3 $  o f  t h e ir  s e r ie s  p o s i t iv e  fo r  Candida by t h i s  method. An 
even h ig h er  p ro p o rtio n  o f  p o s i t iv e  r e s u l t s  may be obtained by 
c u ltu r in g  th e  s a l i v a .  In t h i s  way Marples and d i Menna found 
41$ o f t h e i r  s e r i e s  p o s i t iv e  fo r  Candida. LilienthaD. (1950)
examined th e  mouths o f  109 h ea lth y  boys for  y e a s t s .  Exam ination  
by gum swabs showed 37$ to  be p o s i t iv e  and by c u ltu r in g  the s a l ­
iv a  4 7 .7 $  were p o s i t i v e .  In a group o f  a d u lts ,  he found no r e ­
la t io n s h ip  between th e  p resen ce  o f  y e a s t s  and obvious d en ta l  
c a r ie s  b u t t h e ir  p resen ce  was a f fe c te d  by whether or n o t th e  
person  had t e e t h .  Persons w ith  t h e i r  own. t e e t h  were more l ik e ly  
t o  harbour y e a s t s  than th e  ed entu lou s but when dentures were 
worn th e  y e a s t s  reap peared . M arples and d i Menna a c tu a lly  found 
th e  in c id e n c e  o f  Candida was g r e a te s t  in  th o se  w ith  d en tu res.
Of 80 p erson s w ith  n a tu r a l t e e t h  45$ had Candida in  th e  mouth 
compared w ith  68$ o f  19 persons w ith  a r t i f i c i a l  t e e th .
The p r e sen t f in d in g s  would in d ic a te  th a t th e  r e c t a l  
swab may n o t be as s e n s i t i v e  an in d ic a to r  as fa e c e s  in  d e te c t in g  
th e  p resen ce  o f  y e a s t s  in  th e  low er bow el. The f in d in g s  o f  many 
workers in  d i f f e r e n t  surveys are c lo s e ly  s im ila r  in  in d ic a t in g  
th a t  about 15$ o f  normal fa e c e s  y ie ld  Candida on c u ltu r e . 
Schnoor*s f ig u r e  (1939) was 14$ o f  314 normal persons and Benham 
and Hopkins* (1933) was 18$ o f  100 normal persons w h ile  I found 
o n ly  3$  o f  r e c t a l  swabs to  be p o s i t iv e  in  p a t ie n ts  adm itted to  
h o s p i t a l .  As my purpose was to  compare th e  e f f e c t  o f  two kinds 
o f  trea tm en t and th e  method used was th e  same in  both groups, 
th e  exam in ation  o f  r e c t a l  swabs proved s a t is fa c to r y  in  t h i s  
s tu d y .
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D uring th e  co u rse  o f treatm ent comparison o f  th e  two 
groups e l i c i t e d  a marked d if f e r e n c e  in  th e  frequency w ith  which 
Candida was o b ta in ed . W ith su lp h a d ia z in e  th e r e  was no in c r e a se  
in  th e  p r o p o r tio n  o f  p a t ie n ts  w ith  Candida in  th ro a t swabs, 
sp u ta  and r e c t a l  sw abs, whereas w ith  terram ycin  th ere  was a 
s i g n i f i c a n t  in c r e a s e  o f Candida in  a l l  th e se  specim ens.
The n e a r e s t  approach to  th e  p resen t in v e s t ig a t io n  was 
rep o r ted  by L ip n ik , Kligman and S tra u ss  in  1952. Mouth swabs 
and r e c t a l  swabs from th r e e  groups o f  h o s p ita l  p a t ie n ts  v/ere 
c u ltu r e d  on SabouraudTs medium. In th e  c o n tr o l group the  
p a t ie n t s  had r e c e iv e d  no a n t ib io t ic s  and in  the therapy groups 
swabs were n ot tak en  from p ersons u n le ss  they  had rece iv ed  a n t i ­
b i o t i c s  fo r  a t  l e a s t  fou r  days. The co n tro l group numbered 67 
p a t i e n t s ,  a group tr e a te d  w ith  aureomycin or chloram phenicol,
63 p a t ie n t s  and a group tr e a te d  v /ith  p e n i c i l l in ,  42 p a t ie n ts .
L ip n ik  Ts c o n tr o l group o f  p a t ie n ts  were s e le c te d  a t  
random from th e  h o s p ita l  wards and i t  i s  p erm issib le  to  compare 
h is  f in d in g s  th e r e  w ith  the adm ission  f in d in g s  in  the presen t 
s e r i e s  s in c e  n e ith e r  group o f  p a t ie n ts  had r e c e iv e d  chemother­
apy. 7.5/6 o f  h is  mouth swabs, 26$ o f my th ro a t swabs; 1 .5 $  o f  
h is  r e c t a l  swabs and 3$ o f  mine y ie ld e d  Candida. The in c id en ce  
o f  Candida in  th r o a t  and mouth swabs tends to  be le s s  con stan t  
in  d i f f e r e n t  su r v e y s . In the fa e c e s , on th e  other hana, th e
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f ig u r e  i s  f a i r l y  co n sta n t but L ipnik*s r e s u l t s  confirm  the con­
t e n t io n  th a t  r e c t a l  swabs g iv e  few er p o s i t iv e  f in d in g s .
I t  i s  in t e r e s t in g  to  compare th e  presen ce  of Candida 
in  th e  two broad-spectrum  a n t ib io t i c  groups o f p a t ie n ts  i . e .  
th o s e  o f  L ipn ik*s who r e c e iv e d  aureomycin or chloram phenicol 
and th o s e  o f  mine on th e  f i f t h  day o f  terram ycin  treatm en t. In  
th e  form er 60$ o f  th e  mouth swabs were p o s i t iv e ,  and in  the  
l a t t e r  26  (46$) o f  th e  th r o a t swabs. The d if fe r e n c e  here i s  
probab ly  due to  th e  fa c t  a lrea d y  p o in ted  out th a t th e  mouth i s  
in  g e n e r a l a more f r u i t f u l  sou rce  o f  Candida than th e  th r o a t .
By r a th e r  a rem arkable c o in c id e n c e  th e  60$ o f  h is  p o s i t iv e  r e c ta l  
swabs and th e  51 (60$) o f  mine were th e  same. In the two p e n i­
c i l l i n  groups o f  p a t ie n t s  5$ o f  L ipnik*s r e c t a l  swabs and 1 (6$) 
o f  m ine were p o s i t iv e  fo r  Candida. These f ig u r e s  are in  a l ig n ­
ment but th e r e  i s  a gross d iscrep an cy  between th e  7$ o f  h is  
mouth sw abs, and th e  8 (50$) of my th r o a t swabs which were p o s i­
t i v e ,  a lth o u g h  o n ly  4 (25$) o f  th e  th ro a t swabs y ie ld e d  heavy 
growths o f  Candida.
To r e v e r t  to  the p resen t s e r ie s ,  the in c r e a se  o f  
Candida in  the sp uta  and r e c t a l  swabs o f th e  su lp h ad iazin e  
group a f t e r  th e  c e s s a t io n  o f  therapy i s  ra th er  su r p r is in g . A 
s im ila r  f in d in g  emerged in  th e  r e c ta l  swabs o f  th e  p e n i c i l l i n  
group. I t  seems p o s s ib le  th a t th e se  p a t ie n ts  were c r o s s - in f e c t ­
ed by o t h e r s  i n  th e  te r r a m y c in  group who were e x c r e t in g  l a r g e
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q u a n t i t ie s  o f  y e a s t s .  I t  i s  notew orthy th a t  t h i s  in c r e a se  
a f t e r  trea tm en t was found in  th e  groups which had shown l i t t l e  
or no in c r e a s e  in  Candida during trea tm en t. I t  would be 
im p o ss ib le  to  d e t e c t  when a p a t ie n t  who a lread y  harboured a 
la r g e  number o f  Candida was r e - in f e c t e d  by another p a t ie n t .
In th e  s tr a ig h tfo rw a rd  ca se  o f  pneumonia which responded w e ll  
to  trea tm en t th e  p a t ie n t  got up to  s i t  in  a c h a ir  in  th e  a f t e r ­
noons o f  th e  s ix t h  and seven th  days in  h o s p ita l  and th e r e a fte r  
was a llow ed  up to  th e  t o i l e t  and to  w alk fo r  grad u ally  in c r e a s ­
in g  p e r io d s . C onsequently  when th e  l a s t  two swabs o f  the  
s e r i e s  were ta k e n , on th e  sev en th  and n in th  days in  h o s p ita l ,  
th e  p a t ie n t  was more in  co n ta c t w ith  h is  fe l lo w  p a t ie n ts .  
M in glin g  w ith  them in c re a se d  th e  o p p o r tu n it ie s  fo r  c r o s s - in ­
f e c t i o n .  I t  would appear th e re fo re , th a t  a person w ith  a heavy  
growth o f  Candida in  th e  sputum, th r o a t or rectum  may a c t  as a 
so u rc e  o f  in f e c t io n  fo r  o th e r s .
A rev iew  o f  th e  f in d in g s  from th e  presen t s e r ie s  o f  
p a t ie n t s  in d ic a t e s  th a t  overgrow ths o f  Candida occurred most 
f r e q u e n t ly  d u rin g  terram ycin  trea tm en t, l e s s  freq u en tly  during  
p e n i c i l l i n  treatm en t and l e a s t  o ften  during su lp h ad iazin e  t r e a t ­
m ent. I t  i s  o f  in t e r e s t  th a t  t h i s  e f f e c t  o f  terram ycin was most 
marked in  th e  r e c t a l  swabs and su g g ests  th a t a h igh  lo c a l  concen­
t r a t io n  o f  th e  drug may be an im portant fa c to r . A fter  o r a l
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a d m in is tr a t io n  Kraus, Casey and Johnson (1951) show©d th a t  
a n t i b io t i c s  are  ex cre ted  in  ap p rec ia b le  q u a n t it ie s  in  human 
s a l iv a  so  th a t  th e  th r o a t  i s  c o n s ta n tly  exposed to  th e  a c t io n  
o f  a n t i b i o t i c s .  Terram ycin i s  r e a d ily  absorbed from th e  a l i ­
m entary t r a c t  o f  man and presumably a th e ra p eu tic  con cen tra tion  
in  th e  lu n g s , th e  sou rce  o f  th e  sputum, i s  o b ta in ed . The 
g r e a t e s t  c o n c e n tr a tio n  o f  the drug, however, i s  found in  the  
f a e c e s ,  L in s e l l  and F le tc h e r  (1950) in  th e  f i r s t  rep ort on 
terram ycin  in  t h i s  country found th a t  on a dose o f  lg  s ix -h o u r ly , 
up to  4 ,0 0 0 me/ s  cou ld  be recovered  in  th e  fa e c e s , but th e  aver­
age was around l,2 5 0 y w g /g . This would account fo r  th e  e f f e c t  
o f  terram ycin  b e in g  more pronounced in  th e  rectum than in  the  
sputum or th r o a t .
The c o n c e n tr a tio n  o f drug in  th e  s i t e  o f o r ig in  o f th e  
sp ecim en , how ever, i s  not the s o le  fa c to r  in  determ ining whether 
or n o t y e a s t s  w i l l  overgrow. The o th er  and eq u a lly  im portant 
f a c to r  appears to  be th e  typ e o f b a c t e r ia l  f lo r a  which i s  nor­
m ally  found in  th e  areas from which th e  specim ens were taken .
In  th e  th r o a t  and sputum the b a c t e r ia l  f lo r a  i s  predom inantly  
Oram p o s i t i v e  w h ile  in  th e  lower in t e s t in e  i t  i s  predom inantly  
Gram n e g a t iv e .  Terram ycin b e in g  e f f e c t iv e  a g a in s t  both Gram 
p o s i t i v e  and G.ram n e g a t iv e  organism s was ab le  to  in h ib it  th e  
growth o f most o f  th e  organism s norm ally p resen t in  the th r o a t ,
98
sputum and rectum . P e n i c i l l i n ,  on th e  o th er  hand, by i t s  
e f f e c t iv e n e s s  a g a in s t  Gram p o s i t iv e  but not Qram n e g a tiv e  
organism s was a b le  to  e x e r t  i t s  f u l l e s t  e f f e c t  on the b a c te r ia  
o f  th e  th r o a t  and sputum. I r r e s p e c t iv e  o f  th e  degree of lo c a l  
c o n c e n tr a t io n  o b ta in ed  in  th e  lower in t e s t in e ,  p e n i c i l l in  could  
n o t e lim in a te  most o f  th e  organism s norm ally found th e r e . A l­
though su lp h a d ia z in e  a c t s  a g a in s t  both  C3ram p o s i t iv e  and Gram 
n e g a t iv e  organism s i t  i s  a much l e s s  p o ten t drug. C onsequently  
i t  c a u ses  l e s s  u p se t in  the normal m icro flo ra  o f  th e  th r o a t , 
sputum or rectum .
The e x te n t to  which th e  normal b a c te r ia l  f lo r a  i s  
su p p ressed  i s  f a i t h f u l l y  r e f le c t e d  in  th e  frequency w ith  which 
Candida overgrew  du rin g  th e  d i f f e r e n t  methods o f trea tm en t. 
D uring terram ycin  therapy th e r e  was an in crea sed  p rop ortion  o f  
p a t ie n t s  w ith  overgrow ths o f  Candida in  t h e  th r o a t , sputum and 
rectum ; d u rin g  p e n i c i l l i n  therapy th e  in c r e a se  was noted in  th e  
th r o a t  but n o t in  th e  rectum ; f i n a l l y ,  during su lp h ad iazin e  
trea tm en t no in c r e a s e  occurred in  any o f  the th ree  s i t e s .
T h ese  f in d in g s  support th e  theory  th a t  an antagonism  e x is t s  
betw een th e  b a c te r ia  and th e  y e a s ts  in  the m icro flo ra  o f  th e  
th r o a t ,  sputum and rectum . Normally the b a c te r ia  are dominant 
but when th e y  are  exposed to  drugs which have the power to  in ­
h i b i t  or even d e str o y  them, th e ir  growth i s  suppressed . I t  i s
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th en  th a t  the y e a s t s  which are in s e n s i t iv e  to  terram ycin , p en i­
c i l l i n  or su lp h a d ia z in e  are  a llow ed  to  f l o u r i s h  and become dom­
in a n t in  th e  f l o r a .
PART I I . TUBERCULOSIS SERIES
The e x te n s io n  o f  th e  in v e s t ig a t io n  to  p a t ie n ts  in  th e  
tu b ercu lo sis  wards enabled  a comparison to  be made o f  the e f f e c t s  
o f  th e  th r e e  a n t i b io t i c s ,  ch loram p h en ico l, aureomycin, and t e r ­
ramycin on th e  m ic r o f lo r a . The tu b e r c u lo s is  p a t ie n t s ,  u n lik e  
th e  pneumonia p a t ie n t s ,  u s u a lly  had reg u la r  bowel movements 
which made p r a c t ic a b le  th e  exam ination o f a c tu a l specim ens o f  
f a e c e s  r a th e r  than r e c t a l  swabs. T his was o f  s p e c ia l  in t e r e s t  
because o f  th e  d iscrep an cy  between th e  p o s i t iv e  f in d in g s  fo r  
Candida in  ad m ission  r e c t a l  swabs and th o se  of o th er  workers who 
had sam pled f a e c e s .  McVay and Sprunt (1951) rep orted  th a t th e  
a d m in is tr a t io n  o f  parahydroxybenzoic a c id  (paraben) a long  w ith  
aureom ycin p reven ted  th e  overgrowths o f  y e a s t s .  The substance  
i s  u sed  as a p r e se r v a t iv e  in  foods and drugs, the m ethyl e s te r  
b e in g  e f f e c t i v e  a g a in s t  moulds and th e  propyl e s t e r  a c t iv e  
a g a in s t  y e a s t s .  To r ep ea t t h e ir  experim ents a supply o f  ca p su les  
c o n ta in in g  aureomycin and paraben e s te r s  was given  by th e  manu­
f a c t u r e r s ,  L ed erle  L a b o ra to r ie s . These were g iven  to  a sm all
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group o f  p a t i e n t s .
MATERIAL AND METHODS
The s e r i e s  o f  80 a d u lt  males s u f fe r in g  from pulmonary 
tu b e r c u lo s is  was s tu d ie d . Chloram phenicol was g iven  t o  35 , 
aureom ycin to  20 and terram ycin  to  25 . The supply o f  aureomycin 
h y d ro ch lo r id e  which con ta in ed  90 mgs. m ethylparaben and 2 2 .5  mgms 
propylparaben in co rp o ra ted  in  each 250 mg. ca p su le  was s u f f ic i e n t  
t o  t r e a t  5 p a t ie n t s .  C on cu rren tly , o th er  5 p a t ie n ts  were g iven  
ord in a ry  aureom ycin to  a c t as c o n tr o ls .  In th e  aureomycin group 
th e r e  were th u s 15 p a t ie n t s  who r e c e iv e d  ordinary aureomycin and 
5 who r e c e iv e d  paraben aureom ycin. Because o f  th e  p o s s ib le  
e f f e c t  o f  paraben on th e  growth o f  Candida, when t h i s  fa c to r  
a lo n e  i s  under exam in ation , the p a t ie n ts  who r e c e iv e d  paraben 
aureom ycin are excluded  from th e  a n a ly s is  le a v in g  a t o t a l  o f  
75 c a se s  In  th e  tu b e r c u lo s is  s e r i e s .  The p a t ie n ts  were not r e ­
c e iv in g  strep to m y cin  treatm ent and were a llow ed up to  th e  t o i l e t .  
In  th e  paraben experim ent th e  a d d it io n a l c r i t e r io n  was imposed 
th a t  no p a t ie n t  w ith  a heavy growth o f Candida beforehand was 
g iv en  paraben aureomycin or used as a c o n tr o l.
Each p a t ie n t  r e c e iv e d  a t o t a l  dose o f 16 g. a n t ib io t ic  
over a p e r io d  o f  4 d ays. B efore th e  drug was g iven  a specim en o f  
sputum was c o l le c t e d  in to  a sm all, greased cardboard co n ta in er  and
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a specim en o f  fa e c e s  in to  a la r g e r  ca r to n . S im ila r  specim ens 
were a g a in  taken  on the morning o f the th ir d  day o f  the course  
i . e .  a f t e r  8g o f  th e  drug, and on th e  morning a f t e r  th e  day 
trea tm en t stop p ed , i . e .  a f t e r  16g o f  th e  drug. The specim ens 
were taken  t o  th e  la b o r a to ry  where a n o te  was made o f th e  
n ak ed -eye  appearance o f  th e  sputum and o f  th e  s t o o l .  A fter  th e  
sputum had been e m u ls if ie d  w ith  5 ml. o f  s t e r i l e  broth  a lo o p ­
f u l  was in o c u la te d  on a p la t e  o f  Sabouraudfs medium and another  
lo o p fu l  rubbed on a g la s s  s l i d e  to  make a f i lm . A lo o p fu l o f  
fa e c e s  was a l s o  in o c u la te d  on a p la t e  o f  Sabouraud!s medium then  
m ixed w ith  a drop o f  s a l in e  on a g la s s  s l id e  to  make a f i lm .
The p la t e s  were d e a lt  w ith  in  th e  same way and the same c r i t e r ia  
used to  id e n t i f y  Candida a lb ic a n s  as in  th e  pneumonia s e r i e s .
The f i lm s  were examined m ic r o sc o p ic a lly  fo r  y e a s t  c e l l s  a f t e r  
s t a in in g  by Gram!s method and y e a s ts  were recorded as "absent"; 
" sca n ty ” when o n ly  a few were seen  in  th e  whole o f th e  sta in e d  
a rea ; "heavy" when numerous c e l l s  were seen .
RESULTS
A. ALL ANTIBIOTICS,
Growth o f  Candida b e fo r e and during cou rse  o f  drug.
T ab le  12 shows th a t ,  o f  the 75 p a t ie n ts  in  the s e r ie s  
as a w h o le , th e  p rop ortion  w ith  a heavy growth o f  Candida in
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th e  sputum r o s e  from 12$ b e fo re  an a n t ib io t ic  course to  32% 
a f t e r  8g and to  41$ a f t e r  16g. The corresp ond ing  r e s u l t s  from
TABUS 12, -  GROWTH OF CANDIDA IN THE SPUTUM OF TUBERCULOSIS SERIES.
ANTIBIOTIC GROUP TOTAL
NUMBER OF SPUTA WITH CANDIDA
ABSENT SCANTY HEAVY
D/F SAB. D/F SAB. D/P SAB.
Before Chlor. 35 33 15 2 14 0 6
Aureo. 15 14 8 1 7 0 0
Terr. 25 25 17 0 5 0 3
Series 75 72 40 3 4$ 26 35$ 0 9 12$
After 8 g. Chlor. 35 25 11 1 14 3 12
Aureo. 15 13 8 2 3 0 4
Terr. 25 19 13 5 4 1 8
« — _ — — --------------------------— — - — ——— — — —
Series 75 57 32 14 19$ 21 28$ 4 5$ 24 32$
After l£  g. Chlor. 35 22 9 9 12 4 14
Aureo. 15 12 6 3 5 0 4
Terr. 25 18 10 6 2 1 13
Series 75 52 25 18 24$ 19 25$ 5 7$ 31 41$
D/P. » Direct Film.
SAB. s Culture on Sabouraud's Medium.
th e  exam ination  o f  f a e c e s ,  shown in  Table 13 are more s t r ik in g .
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Here th e  p ercen tage  o f  specim ens showing heavy growths r o se  
from 3 b e fo r e  th e  drug to  40 a f t e r  8g? then to  51 a f t e r  16g.
TABLE 13. -  GROWTH OF CANDIDA IN THE FAECES OF TUBERCULOSIS SERIES.
ANTIBIOTIC GROUP
NUMBER OF FASCES WITH CANDIDA
TOTAL ABSENT SCANTY HEAVY
D/F SAB. D/F SAB. D/F SAB.
Before Chlor. 55 32 29 2 4 1 2
Aureo. 15 15 11 0 4 0 0
Terr. 25 17 22 8 3 0 0
Series 75 64 62 10 13/ 11 15/ 1 1 / 2 3 /
After 8 g. Chlor. 35 15 17 16 7 4 11
Aureo. 15 8 6 6 6 1 3
Terr. 25 5 8 11 1 9 16
~ ------- — ----------- -- ------------------------ ------------------- - -
Series 75 28 31 33 44 / 14 19/ 14 19/ 30 40/
After 36 g. Chlor. 35 13 14 17 8 5 13
Aureo. 15 2 3 6 3 7 9
Terr. 25 4 3 8 6 13 16
Series 75 19 20 31 42/ 17 23/ 25 33/ 38 51JS
D/F. = Direct Film.
SAB. = C ultu re  on Sabouraud’s Medium.
When we look  again  a t th e  sputum r e s u l t s  we f in d  th a t
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35 were p o s i t iv e  fo r  Candida b efore  th e  drug and 31 had heavy  
growths a f t e r  16g. One might argue th a t  i f  th e  heavy growths 
d evelop ed  from th e s e  35 p a t ie n t s ,  then  no p a t ie n t  who was nega­
t i v e  beforehand developed a heavy growth o f Candida as a r e s u l t  
o f  th e  a n t ib io t i c  and on ly  15 who were n e g a t iv e  b e fo re  developed  
a sc a n ty  growth o f th e  organism . I t  must be n o ted , however, 
th a t  th e  ch loram phenicol group a lon e con ta in ed  20 o f th e  p o s i­
t i v e  sp u ta  b e fo re  therapy so th a t  in  the other two groups, 15 
were p o s i t i v e  b e fo r e , but 17 had heavy growths o f  Candida a t  th e  
end o f  th e  c o u r se . A pplying a s im ila r  argument to  th e  r e s u l t s  
in  th e  fa e c e s  we f in d  th a t  w h ile  on ly  13 were p o s i t iv e  b efore  
th e  drug, 38 had heavy growths a f t e r  16g. This means th a t  25 
p a t ie n t s  who were n e g a tiv e  b e fo re  developed heavy growths o f  
Candida as a r e s u l t  of th e  a n t ib io t i c .  A l l  t h i s  i s  based on 
in fe r e n c e ,  but a re-ex a m in a tio n  o f the r e s u l t s  in  each in d iv id ­
u a l p a t ie n t  would r e v e a l whether or n ot p a t ie n ts  who were nega­
t i v e  w ere l e s s  l i k e l y  to  show overgrowths of Candida during a 
c o u r se  o f a n t ib io t i c  than th o se  who a lready harboured th e  
organism . T h is was a cco rd in g ly  done and the f in d in g s  are  
shown in  Table 14. I t  w i l l  be seen  th a t  19 p a t ie n ts  whose 
sputum was n e g a t iv e  for  Candida became p o s i t iv e  during a n t i ­
b i o t i c  th erap y; moreover in  14 of th e se  th e  growth was heavy; 
in  21 p a t ie n t s  the sputum remained n e g a tiv e  throughout the
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c o u r se . T h ir t y - f iv e  p a t ie n t s  whose fa e c e s  were n e g a t iv e  became
TABLE 14. -  DEVELOPMENT OF CANDIDA IN TUBERCULOSIS SERIES.
GROWTH OP CANDIDA. BORING- NUMBER OP
COURSE OP ANTIBIOTIC SPUTA FAECES
BEFORE -  AFTER 8 g. -  APTER 16 g. (TOTAL IN SERIES 73)
Negative -  Negative -  Scanty 1 A
Negative -  Scanty -  Scanty A A
Negative -  Negative -  Heavy A 6
Negative -  Scanty -  Heavy 3 A
Negative -  Heavy -  Heavy 7 17
Negative becoming positive 19 25% 35 k7%
Scanty -  Scanty - Heavy 2 3
Scanty -  Heavy -  Heavy 6 6
TOTAL w ith  in c re a se d  growth 27 3&% AA 59%
Negative -  Negative - Negative 21 27
Scanty -  Scanty -  Scanty 18 2
Heavy -  Heavy -  Heavy 9 2
TOTAL with growth unchanged A8 56/% 31 ltl%
p o s i t iv e  and in  27 th e  growth, o f  Candida was heavy; in  27 
p a t ie n t s  th e  fa e c e s  remained n e g a t iv e . In oth er  words, o f  31
1 0 6
sp u ta  w ith  heavy growths o f  Candida a t th e  end o f  a cou rse  o f  
a n t ib io t i c  14 had been n e g a t iv e  beforehand, 8 had had sca n ty  
growths and th e  rem ain ing 9 had had heavy growths from th e  
s t a r t .  S im ila r ly  in  the fa e c e s ,  o f  38 w ith  heavy growths o f  
Candida a t  th e  end o f  th e  co u rse  of th e  drug, 27 had been nega­
t i v e  beforehan d , 9 had had sca n ty  growths and th e  rem ain ing 2 
had had heavy growths from th e  b eg in n in g . In  sh o r t, o f  th e  75 
p a t ie n t s  whose sp uta  and fa e c e s  were examined, in  36% o f  th e  
form er and 39% o f  th e  l a t t e r ,  th e  growth o f  Candida e ith e r  
appeared or became more p ro fu se  as a r e s u l t  o f  g iv in g  an a n t i ­
b io t i c  .
The a d d it io n a l  p o in t  emerges from T able 14 th a t a f t e r
8g a n t ib io t i c  13 p a t ie n t s ,  and a f t e r  16g 22 p a t ie n t s ,  had a
heavy growth o f  Candida in  th e  sputum. In th e  fa e c e s , a f t e r  8g 
a n t ib io t i c  23 p a t ie n t s ,  and a f t e r  16g 36 p a t ie n t s ,  had a heavy  
grow th. In  the sputum, th e r e fo r e , 13 {39%) and in  th e  fa e c e s  
23 {64%) o f  th e  heavy growths o f  y e a s t s  developed  mid-way 
through th e  a n t ib io t i c  c o u r se .
Comparison o f  d ir e c t  f i lm  and c u ltu r e  fo r  d e te c t io n  o f  
Candida. T ab le  12 shows th a t  th e  number o f tim es y e a s ts  were 
seen  in  th e  d ir e c t  f i lm  was sm a ller  than th e  number o f  tim es  
Candida was grown on Sabouraud!s medium from th e  same specim en. 
When th e  frequency w ith  w hich th e  d ir e c t  f i lm  was p o s i t iv e  i s  
compared w ith  the number of tim es a heavy growth o f  Candida was
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f ig u r e s  approach one another ( s e e  f i g . 3) a lth ou gh  th e  d ir e c t  
f i lm  p o s i t iv e s  s t i l l  f a l l  below  th e  c u ltu r e  o n es. T h is in d i ­
c a te s  th a t i f  the f i lm  o f  a specim en o f  sputum i s  p o s i t i v e  on 
m icro sco p ic  exam ination then a heavy growth o f  Candida w i l l  
probably be obta in ed  when th e  same specim en i s  c u ltu r e d . W ith 
regard  to  th e  f a e c e s ,  T ab le  13 shows th a t  a f t e r  8g a n t ib io t i c
th e  d ir e c t  film , was p o s i t i v e  in  47 p a t ie n t s  and c u ltu r e  in  44 
p a t ie n t s .  A fte r  16g a n t ib io t i c  th e  f ig u r e s  again  are  c lo s e ly  
s im ila r  -  in  56 p a t ie n t s  th e  d ir e c t  f i lm  and in  55 c u ltu r e  was 
p o s i t iv e  fo r  Candida. When the number o f  tim es th e  f i lm  was 
p o s i t iv e  i s  compared w ith  th e  number o f  tim es a heavy growth o f  
Candida was o b ta in ed  on c u ltu r e  and th e  r e s u l t s  charted  ( s e e  
f i g . 3) we f in d  t h a t ,  a lth o u g h  the curves are  c lo s e ly  p a r a l le l ,  
th e  d ir e c t  f i lm  f ig u r e s  a re  a c tu a l ly  h ig h e r . In th e  fa e c e s ,  
th e r e fo r e , th e  f i lm  may show y e a s t s  c e l l s  when on ly  a scan ty  
growth o f Candida i s  ob ta in ed  on c u ltu r e  o f  th e  specim en.
C o m p a r is o n  o f  t h e  two m e th o d s  o f  e x a m i n a t i o n  i n d i c a t e s  
t h a t  c u l t u r e  i s  t h e  m ore  s e n s i t i v e ,  e s p e c i a l l y  f o r  t h e  sp u tu m .
A p p e a r a n c e  o f  t h e  s p u t um a n d  g r o w th  o f  C a n d i d a . S e e k i n g  
some ex p la n a tio n  f o r  t h e  a b s e n c e  o f  y e a s t s  i n  t h e  f i l m  when t h e y  
a p p e a r e d  on  c u l t u r e ,  I  w o n d e re d  i f  C a n d id a  was m o re  l i k e l y  t o  b e  
p r e s e n t  i n  o n e  t y p e  o f  sp u tu m  t h a n  i n  a n o t h e r .  O f te n  a  m u c o id  
o r  p u r u l e n t  s p u tu m  was n o t  c o m p l e t e l y  hom ogeneous  a f t e r  s t i r ­
r i n g  i t  w i t h  b r o t h  a n d  t h e  f i l m  made f r o m  i t  may n o t  h a v e  b e e n
r e p r e s e n t a t i v e  o f  t h e  s p e c im e n  a s  a  w h o le .  On t h e  o t h e r  h a n d ,  
a  s a l i v a c e o u s  sputum, w as e a s i l y  e m u l s i f i e d  w i t h  b r o t h  and 
t h e  r e s u l t a n t  f i l m  m o re  t r u l y  r e p r e s e n t e d  t h e  s p e c im e n .  T he
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sp uta  were d iv id e d  in t o  groups a cco rd in g  to  t h e ir  naked-eye  
appearance and co n sid ered  a lo n g  w ith  th e  p resen ce  o f  Candida 
in  them.






NUMBER OF SPUTA WITH CANDIDA
ABSENT SCANTY HEAVY
D/F SAB D/F SAB D/F SAB
Salivaceous 27 18 14 4 6 5 7 26f0
Mucoid 2 6 19 10 7 10 0 6 24^
Mico-Purulent 16 14 9 1 5 1 2 1 %
Purulent 24 19 16 3 3 2 5 21#
D/P. a Direct Film.
SAB. = Culture on Sabouraud's medium.
T able 15 shows th a t  in  a t o t a l  o f  93 sp u ta  Candida grew h e a v ily  
in  a s im ila r  p ro p o rtio n  o f  each ty p e , in d ic a t in g  th a t th e  con­
s is t e n c y  o f  th e  sputum has l i t t l e  to  do w ith  i t s  co n ten t o f
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Candida. On comparing two kinds of sputum, one c o n s i s t in g  
m ainly o f  s a l iv a  w hich was produced from th e  th r o a t , w ith  th e  
o th e r  ty p e s  w hich were produced from th e  lu n g s , we f in d  13 o f  
27 {4:8%) o f  th e  form er and 31 o f  66 (47^) o f  th e  l a t t e r  were 
p o s i t iv e  fo r  Candida on c u ltu r e .  Thus, m a te r ia l from  th e  lun gs  
y ie ld e d  Candida as o fte n  as m a te r ia l from th e  th r o a t . T h is f in d ­
in g  co rro b o ra te s  the p o in t a lrea d y  made th a t  Candida found in  
th e  sputum comes from th e  lun gs and i s  n o t p resen t s o l e ly  as a 
r e s u l t  o f  th r o a t  co n ta m in a tio n . When th e  appearance o f  the  
sputum i s  compared w ith  th e  f in d in g  o f  y e a s t s  in  th e  d ir e c t  film , 
i t  i s  seen  th a t  th e  number o f p o s i t i v e  f in d in g s  d ecrea ses  w ith  
in c r e a s in g  t e n a c i t y  o f  th e  sputum. Of th e  8 o c ca s io n s  when 
y e a s t s  were numerous on th e  f i lm , 5 occurred in  a sputum c o n s i s t ­
in g  m ainly o f  s a l i v a .  Exam ination o f  a d ir e c t  f i lm  o f  a mucoid 
or p u ru len t sputum was th e r e fo r e  a l e s s  s a t i s f a c t o r y  means o f  
d e te c t in g  th e  p resen ce  o f  Candida than c u ltu r e  o f  th e  specim en  
on Sabouraudl s medium.
A p p e a r a n c e  o f  s t o o l  and  g r o w th  o f  C a n d i d a . C o r r e l a t i o n  
b e tw e e n  t h e  a p p e a r a n c e  o f  t h e  s t o o l  and i t s  g ro w th  o f  C a n d id a  
i s  shown i n  T a b l e  16 . I t  i s  a t  o n c e  a p p a r e n t  t h a t ,  u n l i k e  t h e  
s p u tu m , t h e  a p p e a r a n c e  o f  t h e  f a e c e s  i s  r e l a t e d  t o  i t s  g r o w th  
o f  C a n d i d a .  O n ly  15% o f  n o r m a l  s t o o l s  h a d  h e a v y  g r o w th s  o f  t h e
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organism  compared w ith  57$ o f  s o f t  s t o o l s ,  72$ o f  lo o s e  ones
TABLE 16. -  APPEARANCE OF STOOL AND GROWTH OF CANDIDA.
APPEARANCE NUMBER OF NUMBER OF STOOLS WITH CANDIDA
OF STOOL
STOOLS 
(Total 287) ABSENT SCANTY HEAVY
Normal 181 124 30 27 15$
Soft 63 14 13 36 57$
Loose 25 3 4 18 72$
Green 18 3 2 13 72$
and 72$ o f  green o n e s .
I l l
B- INDIVIDUAL a n t ib io t ic s .
The r e s u l t s  in  each  group o f p a t ie n t s  w i l l  now he 
co n sid ered  s e p a r a te ly . The fo l lo w in g  f ig u r e s  r e fe r  to  p a t ie n ts  
w ith  a heavy growth o f  Candida in  th e  specim en.
In th e  sputum th e  f ig u r e  ro se  from 6 (17/6) b e fo re  
trea tm en t to  14 (40%) a f t e r  16g ch loram p h en ico l, from n i l  t o  4 
(27%) a f t e r  16g aureon$rcin and from 3 (12%) to  13 (52%) a f t e r  
16g terram ycin  (T able 12) . There was an in c r e a s e , th e r e fo r e ,  
o f  23% in  th e  ch loram p hen ico l group, 27% in  th e  aureomycin  
group and 40% in  th e  terram ycin  group.
In  th e  fa e c e s  th e  in c r e a se  i s  more s t r ik in g  in  the  
aureom ycin and terram ycin  groups (Table 13) . Here th e  f ig u r e  
r o se  from n i l  b e fo re  treatm en t to  9 (60%) a f t e r  16g aureomycin  
and from n i l  to  16 (64%) a f t e r  16g terram ycin . In  th e  c h lo r ­
am phenicol group, a lthou gh  2 (6%) had heavy growths b e fo r e  
treatm en t the f ig u r e  r o se  to  on ly  13 (37%) a f t e r  trea tm en t.
That th e r e  was an undue p rop ortion  of p a t ie n ts  p o s i­
t i v e  fo r  Candida, p a r t ic u la r ly  in  th e  sputum, p r io r  to  the 
c o u rse  o f  ch loram p h en ico l, was a lrea d y  e v id e n t a f t e r  the f i r s t  
23 p a t i e n t s  had been s tu d ie d . The su cceed in g  12, th e r e fo r e ,  
were chosen  so  th a t  6 should be under 30 y ea rs  and 6 over th a t  
a g e . Sep arate  a n a ly s is  o f th e se  c a se s  ( s e e  Table 17) shows 
th a t  7 were p o s i t iv e  a t  the f i r s t  exam ination  and th a t  th ey
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were e q u a lly  d is tr ib u te d  in  th e  two age groups. C onsequently , 
t h i s  attem pt a t s e l e c t in g  p a t ie n ts  was o f  no v a lu e  in  red u cin g
TABLE 17. -  GROWTH OF CANDIDA IN A SUB-SECTION OF THE OHLORAMEHENDOL GROUP.
6 CASES OVER 30 YEARS 6 CASES UNDER 30 YEARS
HUMBER OP SPECIMENS WITH CANDIDA
Absent Scanty Heavy Absent Scanty Heavy
SPUTUM
Before chlor. 3 2 1 2 3 1
After 8 g. 1 2 3 1 1 4
After 16 g. 1 0 5 1 1 4
FAECES
Before chlor. 5 1 0 4 2 0
After 8 g. 1 0 5 4 0 2
After 16 g. 1 0 5 3 0 3
th e  p ro p o rtio n  o f  p o s i t i v e  sp uta  in  t h i s  group.
The developm ent o f  Candida in  th e  5 p a t ie n ts  tr e a te d  
w ith  paraben aureom ycin to g e th e r  w ith  th e  f i v e  p a t ie n ts  g iven  
ord in ary  aureomycin as c o n tr o ls  i s  shown in  Table 18. With 
such  a sm a ll s e r ie s  i t  would be unw ise to  g e n e r a lis e  but i t  
appears th a t  th e  a d d it io n  o f  paraben did have an in h ib ito r y  
e f f e c t  on th e  growth o f  y e a s t s .  In  th e  sputum, two p a t ie n t s
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had sca n ty  growths b e fo r e , and remained sca n ty  during th e  course  
o f  paraben aureom ycin; w h ile  in  th e  c o n tr o ls ,  where none had
TABLE 18. -  PARABEN EXPERIMENT.
ANTIBIOTIC B E F O R E A F T E R 6 g. A F T E R 16 g.
NUMBER OF SPECIMENS WITH CANDIDA
Absent Scanty Heavy Absent Scanty Heavy Absent Scanty Heavy
SPUTUM:
Paraben Cases (5) 3 2 0 4 1 0 3 2 0
Controls ( 5) 5 0 0 3 2 0 3 0 2
FAECES:
Paraben Cases (5) 4 1 0 2 0 3 3 0 2
Controls (5 ) 4 1 0 1 0 4 1 0 4
been p o s i t i v e  b e fo r e , two had heavy growths o f  Candida a t  th e  
end. The occu rren ce  o f  Candida in  th e  fa e c e s  was th e  same in  
the two groups b e fo r e  trea tm en t, one in  each h avin g  a scan ty  
growth, w h ile  a t  th e  end, two of th e  paraben group and four  
o f  th e  c o n tr o ls  had heavy grow ths.
C. COMPARISON WITH PNEUMONIA SERIES.
B e f o r e  t r e a t m e n t ,  C a n d id a  was p r e s e n t  i n  t h e  s p u t a  o f  
4 8 $  o f  t h e  p n e u m o n ia  s e r i e s  and  4 7 $  o f  t h e  t u b e r c u l o s i s  s e r i e s .  
C a n d i d a  a p p e a r s  t o  be  a s s o c i a t e d  w i t h  e a c h  o f  t h e s e  i l l n e s s e s
114
to  a s im ila r  d e g r e e . T h is a ls o  i s  borne out by th e  subsequent 
in c r e a s e  in  th e  number o f  p a t ie n ts  w ith  heavy growths o f y e a s ts  
du rin g  a n t i b io t i c  th era p y . In  th e  terram ycin  group o f  pneu­
monia p a t ie n t s  th e  p ercen tage  w ith  a heavy growth of Candida 
in  th e  sputum r o se  from 32 b e fo re  to  61 a f t e r  an average o f  
14. 2g, w h ile  in  th e  tu b e r c u lo s is  s e r ie s  the r i s e  was from 12 to  
41 a f t e r  16g. T h is in c r e a se  o f  29% in  b oth  groups in d ic a te s  
th a t w hether th e  i l l n e s s  i s  acu te  or chronic makes l i t t l e  
d if f e r e n c e  to  th e  growth o f  Candida.
I t  i s  in t e r e s t in g  to  compare the r e s u l t s  o f  th e  r e c t ­
a l  swabs o f  th e  te r ra m y c in -tre a ted  pneumonias w ith  th e  fa e c a l  
exam in ation s o f  th e  tu b e r c u lo s is  p a t ie n t s .  In th e  former the  
r i s e  was from none to  59%" w ith  heavy growths o f  Candida a f t e r  
1 4 .2g and in  the l a t t e r  from 3% to  51$ a f t e r  16g. The d i f f e r ­
ence h ere  i s  s l i g h t  and su g g e s ts  t h a t ,  in  f a c t ,  the r e c t a l  swab 
i s  j u s t  as s e n s i t i v e  an in d ic a to r  as c u ltu r e  o f th e  fa e c e s  fo r  
d e te c t in g  heavy growths o f  Candida. T his would appear to  be a t  
v a r ia n c e  w ith  th e  p rev io u s su p p o s it io n  th a t  c u ltu r e  o f  a r e c t a l  
swab was th e  l e s s  s a t i s f a c t o r y  method. Perhaps th e  answer to  
t h i s  problem  i s  to  be found when we co n sid er  th e  p o s i t iv e  f in d ­
in g s  i . e .  when th o se  w ith  scan ty  as w e ll  as heavy grov/ths b e fo re  
a n t i b io t i c  therapy are in c lu d e d . In th e  pneumonia s e r ie s  as a 
whole th e  p ro p o rtio n  o f p o s i t iv e  r e c t a l  swabs was 3$ , w h ile  in
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th e  tu b e r c u lo s is  p a t ie n t s ,  c u ltu r e  o f  th e  fa e c e s  was p o s i t iv e  in  
15(17%) T h is l a t t e r  f ig u r e  i s  comparable to  th e  18$ found by 
Benham and Hopkins and th e  14$ found by Schnoor. We may con­
c lu d e  th a t  i f  a heavy growth o f  Candida i s  ob ta in ed  on c u ltu r e  
o f  a specim en o f  f a e c e s ,  th en  th e  r e c t a l  swab from th a t  p a t ie n t  
w i l l  a ls o  be p o s i t i v e  but i f  on ly  a sca n ty  growth i s  obtain ed  
from th e  f a e c e s ,  th en  th e  r e c t a l  swab w i l l  probably be n e g a t iv e .
DISCUSSION
The p ro p o rtio n  w ith  Candida in  th e  sputum o f  t h i s  
s e r i e s  o f  75 tu b e r c u lo s is  p a t ie n ts  was 47$ . T h is f ig u r e  i s  
f a i r l y  h ig h  compared w ith  th a t  o f  Schw arting and Skinner (1949) 
who found Candida in  th e  sputa o f  20% o f  500 p a t ie n ts  in  a tub­
e r c u lo s is  san atorium . They found th a t  th e  degree o f tub ercu­
l o s i s  had no in f lu e n c e  on th e  in c id e n c e  o f  Candida nor was th ere  
any e v id e n c e  o f  d is e a s e  due to  Candida in  any o f  the p a t ie n t s .
In t h e ir  s e r i e s ,  28 sp u ta  o f  100 newly adm itted p a t ie n ts  to  th e  
san atorium  were p o s i t i v e ,  a f ig u r e  which was h igher than the 20$ 
o f  th e  la r g e r  s e r i e s .  In t h i s  p resen t in v e s t ig a t io n ,  from th e  
ad m ission  sp u ta  o f  57 p a t ie n ts  w ith  tu b e r c u lo s is ,  54$ were found 
to  be p o s i t i v e .  T his i s  a ls o  a s l i g h t l y  h igh er  f ig u r e  than the  
47$ o f  th e  tu b e r c u lo s is  s e r i e s .  An exp lan ation  fo r  the d is c r e ­
pancy in  t h e ir  own f ig u r e s  i s  put forward by Schw arting and
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S k in n er . They su g g e s t  th a t  on adm ission  to  h o s p ita l ,  a tu b er­
c u lo s i s  p a t ie n t  i s  " regressin g"  and h is  r e s is ta n c e  to  Candida 
in f e c t io n  i s  low . A fte r  a p er iod  in  h o s p ita l ,  h is  r e s is ta n c e  
g r a d u a lly  in c r e a s e s  w ith  r e s t  in  bed and good food , and thus he 
i s  a b le  to  overcome Candida in f e c t io n .  They adm it, however, 
th a t  th e  d i f f e r e n c e  i s  h a rd ly  b ig  enough to  j u s t i f y  drawing 
d e f i n i t e  c o n c lu s io n s .
The p ro p o rtio n  w ith  Candida in  th e  p resen t s e r ie s  o f  
p a t ie n t s  who su ffe r e d  from chronic c h e st  d is e a se  i s  alm ost th e  
same as in  th e  group o f  p a t ie n ts  w ith  no h is to r y  o f  p rev iou s  
c h e s t  i l l n e s s  on adm ission  (4 5 ^ ). T h is , to g e th er  w ith  th e  
ab sen ce o f n e g a t iv e  sp uta  in  th e  younger p a t ie n ts  in  th e  c h lo r ­
am phenicol group, b ears out a statem en t p r e v io u s ly  made th a t  
ch ron ic  c h e s t  d is e a s e  and age bear no r e la t io n  to  th e  p resen ce  
o f  Candida in  th e  sputum. To t h i s  we may add th a t  th e  p resen ce  
o f  a ch ro n ic  d e b i l i t a t i n g  d is e a s e  l ik e  tu b e r c u lo s is  does not 
r a i s e  th e  s u s c e p t i b i l i t y  o f th e  p a t ie n t  to  Candida in f e c t io n .
I t  seems u n l ik e ly  th e r e fo r e  th a t  th e  Improvement In a tubercu­
l o s i s  p a t ie n t* s  g e n e ra l c o n d it io n  a f t e r  adm ission  w i l l  in f lu e n c e  
th e  p r e sen ce  o f  Candida in  h is  sputum.
Prom c u ltu r e  o f  th e  fa e c e s , o f  th e  s e r ie s  had
Candida b e fo r e  a n t ib io t i c  was g iven  and in  Z% the growth was 
h eavy . T h is i s  in  keep in g  w ith  th e  r e s u l t s  o f  Schnoor (1939)
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who found Candida in  14# o f 514 normal s t o o l s  but a s ig n i ­
f i c a n t  number o f c o lo n ie s  on each  p la te  in  on ly  1%.
D uring th e  cou rse  of a n t ib io t ic  i t  v/as observed th a t  
heavy growths o f Candida cou ld  d evelop  in  th o se  in  whom the  
organism  was n o t dem onstrated beforehand. There are tv/o ex­
p la n a t io n s  fo r  t h i s .  E ith e r  the y e a s t  was o r ig in a l ly  p resen t  
but i t s  growth on c u ltu r e  p la te s  was suppressed by th e  growth 
o f  th e  o th er  organism s or th e  p a t ie n t  became c r o s s - in fe c te d  
from anoth er p a t ie n t  w ith  Candida. The co n sta n t presen ce o f  
Candida in  th e  ward was m aintained by the adm ission  o f new 
p a t ie n t s  who harboured the organism . Many o f th e  p a t ie n ts  
were ambulant and th e re  was th e r e fo r e  ample op p ortu n ity  for  
c r o s s - in f e c t io n .
When Candida i s  th e  c a su a l agent o f pulmonary d i s ­
ea se  th e  t y p ic a l  sputum i s  mucoid. In  the tu b e r c u lo s is  s e r ie s  
th e r e  was no undue preponderance o f  p a t ie n ts  w ith  t h i s  type o f  
sputum nor was broncho-pulm onary m o n ilia s is  consid ered  a l ik e l y  
d ia g n o s is  in  any o f th e  c a s e s .  T his would in d ic a te  th a t th e  
y e a s t s  w hich  were p resen t were sap rop h ytes, or a t  the most, 
secondary in vad ers in  th e se  p a t ie n t s .  Heavy growths o f  Candida 
were most fr e q u e n tly  a s s o c ia te d  w ith  a s o f t ,  lo o se  or green
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s to o l .  The re la tio n sh ip  between Candida and abnormal s to o ls  
i s  d iscussed  more f u l ly  in the next chapter.
The r e s u l t s  show th a t  th e  th r e e  a n t i b io t i c s ,  c h lo r ­
am phenicol, aureoraycin and terram ycin  were each o f  them  
a s s o c ia te d  w ith  an in c r e a se  in  heavy growths o f  Candida. The 
sputum f in d in g s  show th a t  t h i s  in c r e a se  was most marked w ith  
terra m y cin . C o n sid era tio n  o f  th e  fa e c a l  r e s u l t s  shows th a t  
th e  g r e a te s t  p ro p o rtio n  o f  heavy growths o f Candida appeared  
during terram ycin  trea tm en t, n ex t w ith  aureom ycin, and th e  
lo w e st w ith  ch loram p h en ico l. In  a stu dy of the a b so rp tio n  o f  
th e  th r e e  drugs, \¥erner, Knight and McDermott (1950) found 
th a t  a f t e r  a s in g le  dose o f  50rag/Kg o f  body w e ig h t, maximum 
serum c o n c e n tr a tio n s  o f a n t ib io t ic  in  man occurred in  4 hou rs. 
These w ere, 25-50/ug/m l fo r  ch loram p h en ico l, lS -l^ u g /m l fo r  
terram ycin , and 3 .3 -1 2 .5 ^ g /m l fo r  aureom ycin, showing th a t  
ch loram p hen ico l was th e  drug most f u l l y  absorbed from the  
g a s t r o - in t e s t in a l  t r a c t .  Welch (1950) found th a t r e l a t iv e l y  
la r g e  amounts o f a l l  th r e e  a n t ib io t i c s  were in a c t iv a te d  in  
th e  body but t h i s  was e s p e c ia l ly  h igh  w ith  ch loram p hen ico l.
In fa e c a l  e x c r e t io n , terram ycin  had the g r e a te s t  c o n c en tr a tio n
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iriyfc g /g  o f  fa e c e s ;  aureomycin came n e x t, and ch loram phenicol 
had the lo w e s t .  T h is might e x p la in  why the in c re a se  in  heavy  
growths o f  Candida in  th e  fa e c e s  was l e s s  marked in  th e  c h lo r ­
am phenicol group than in  th e  o th er  two.
In view  of the c lo s e  chem ical k in sh ip  between  
aureom ycin and terram ycin , one would exp ect th e ir  e f f e c t s  in  
th e  human body to  be very  s im ila r . I t  h as, however, been  
su g g ested  th a t  c e r ta in  a n t ib io t i c s  a c tu a l ly  s t im u la te  the  
growth of Candida and aureomycin e s p e c ia l ly  has been incrim ­
in a te d . I t  i s  on record  th a t t h i s  a n t ib io t ic  d i r e c t ly  stim ­
u la t e s  fungus m etabolism  and th ereb y  in c r e a se s  i t s  r a te  o f  
grow th. The e v id en ce , however, i s  c o n f l i c t in g .  In an in  
v i t r o  experim ent Moore (1951) found th a t  aureom ycin hydro­
c h lo r id e  in  s o lu t io n  o f  0.2m g/m l s tim u la te d  th e  growth o f  
Candida on SabouraudTs medium. Pappenfort and S ch n a ll (1951) 
dem onstrated  a marked in  v i t r o  growth enhancement o f Candida 
by a s o lu t io n  o f  aureomycin made up from  th e  c o n ten ts  o f  the  
aureom ycin c a p su le  norm ally  used fo r  o r a l a d m in is tr a tio n . 
C r y s t a l l in e  aureomycin f a i l e d  to  g iv e  t h i s  e f f e c t .  On the  
o th er  hand, Huppert (1953) who compared the e f f e c t  o f  var iou s  
a n t i b io t i c s  on th e  growth o f  Candida, found th a t  both  the  
o r a l  and p a r e n te r a l p rep a ra tio n s o f aureomycin caused a 
d e f i n i t e  in c r e a se  in  growth w h ile  p e n i c i l l i n ,  strep tom ycin .
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ch loram p hen ico l and terram ycin  had no e f f e c t .  Seligm ann (1952) 
exp erim en tin g  w ith  m ice, found th a t th e  a n t ib io t ic  a c t i v i t y  o f  
aureom ycin s o lu t io n s  was p a r a l le l le d  by t h e ir  fa c u lty  fo r  en­
han cin g  th e  growth o f Candida. In  1953 he rep orted  th a t  th e  
same was tru e  o f  terram ycin  s o lu t io n s .  L ipn ik , Kligman and 
Strauss (1 9 5 2 ) , r e p e a tin g  Pappenfort and S c h n a ll !s experim ent, 
confirm ed th a t  aureom ycin s o lu t io n s  from the o r a l c a p su le s  had 
a s t im u la n t e f f e c t  on the growth o f  Candida which none o f  th e  
c r y s t a l l in e  p rep a ra tio n s had. The in e r t  d ilu e n t  or c a r r ie r  in  
aureom ycin c a p su le s  c o n ta in s  d ib a s ic  ca lc iu m  phosphate. When 
L ipn ik  and h i s  co-w orkers used t h i s  r e l a t iv e l y  in s o lu b le  s a l t  
a lo n e , i t  in c re a se d  th e  growth o f  Candida. They concluded th a t  
th e  agen t r e sp o n s ib le  fo r  t h i s  was the phosphate io n  and n ot  
aureom ycin. Furtherm ore, th ey  p o in ted  out th a t Sabouraud*s 
medium i s  d e f i c i e n t  in  phosphorus, an elem ent req u ired  by the  
fu n g i .  The a d d it io n  o f th e  phosphate s a l t  m erely co rrec ted  
t h i s  d e f ic ie n c y .  When 1% d ib a s ic  sodium phosphate was in c o r ­
p orated  in  Sabouraud*s medium, th e r e  was no longer any stim u la n t  
e f f e c t  from th e  c a p su le  form o f aureom ycin. I t  i s  d o u b tfu l, 
th e r e fo r e , i f  th e  overgrow ths o f  Candida in  man are th e  r e s u l t  
o f  d ir e c t  growth s t im u la t io n  by aureom ycin. In th e  p a t ie n ts  
w hich I s tu d ie d  d u rin g  a n t ib io t i c  th erap y , the aureomycin group 
d id  n o t have an e x c e s s iv e ly  h ig h  p rop ortion  o f  persons w ith
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overg ro w th s o f  y e a s t s .
There was an in c r e a se  from n i l  to  60$ w ith  heavy 
grow ths o f  Candida in  th e  fa e c e s  d u rin g  a co u rse  o f  aureom ycin. 
McVay and Sprunt (1951) found an in c r e a se  from n i l  to  67% w ith  
Candida in  th e  f a e c e s  in  a group o f  30 p a t ie n ts  g iven  aureomy­
c in  fo r  seven  d a y s . On th e  o th er  hand, in  a group o f 15 
p a t ie n t s  g iv en  aureom ycin w ith  paraben, on ly  13$ became p o s i­
t i v e  fo r  Candida. In  keep ing w ith  t h i s  i s  my f in d in g  th a t th e  
a d d it io n  o f  paraben to  aureomycin tended to  in h ib it  th e  growth 
o f  Candida in  th e  sputum and fa e c e s .  When McVay and Sprunt 
gave 800mg o f  both  e s t e r s  o f  paraben d a i ly  fo r  4 days to  
p a t ie n t s  who had overgrow ths o f  Candida as a r e s u lt  o f  aureomy­
c in  th era p y , th ey  found th a t  th e  y e a s ts  p e r s is t e d .  Paraben 
th e r e fo r e  cannot remove y e a s t s  once th ey  are  e s ta b lish e d  in  th e  
m ic r o f lo r a . S ie g e l  (1953) found th a t paraben in h ib ite d  the  
growth o f  Candida in  v i t r o  in  low c o n c e n tr a t io n s . I t  had a low  
t o x i c i t y  and d id  n ot in t e r f e r e  w ith  the a n t ib a c te r ia l  a c t io n  o f  
aureom ycin. Paraben, th e r e fo r e , has a p la ce  as a p ro p h y la ctic  
agent a g a in s t  th e  overgrow th o f  Candida during a n t ib io t ic  th e r ­
apy. In  d e v e lo p in g  t h i s  Idea McVay and Sprunt (1953) showed 
th a t  th e  lon g  term  a d m in is tra tio n  o f  the broad spectrum a n t i ­
b i o t i c s  was both p r a c t ic a b le  and p r o f ita b le  to  c e r ta in  p a t ie n t s .  
U sing aureom ycin to  which paraben had been added they  gave 500mg
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d a i ly  fo r  an average o f e le v e n  months to  21 p a t ie n ts  w ith  
c h ro n ic  b r o n c h it is .  In  th e s e  p a t ie n ts  th e  frequency o f  fr e sh  
r e s p ir a to r y  in f e c t io n s  was g r e a t ly  reduced . Moreover, in  th e  
4 p a t ie n t s  whose sputum y ie ld e d  Candida, th e  growth did not  
become h e a v ie r .
Even i f  aureomycin i s  a growth fa c to r  fo r  Candida, 
i t  does not e x p la in  th e  growth o f th e  organism  which appeared 
during ch loram p henicol or terram ycin  th erap y . I t  has not so  
fa r  been dem onstrated th a t  ch loram phenicol encourages the growth 
o f  Candida. The reason  for  th e  overgrowths must l i e  in  some 
p rop erty  common to  a l l  th r e e  a n t ib io t i c s .  An experim ent was 
c a r r ie d  out by Paine (1952) In  which when equal q u a n t it ie s  o f  
c o lifo r m s  and Candida were mixed in  a f la s k ,  c u ltu r e  o f  th e  
m ixture r e s u lt e d  in  a heavy growth o f  co lifo rm s and y e a s ts  were 
su p p ressed . On a d d it io n  o f  a n t ib io t ic  to  th e  m ixture, c u ltu r e  
showed th a t  th e  c o lifo r m s were e lim in a ted  and Candida grew 
ab u n d an tly . In  t h i s  experim ent th e  e f f e c t s  o f  chloram phenicol, 
aureom ycin and terram ycin  were more or l e s s  id e n t ic a l .  The 
th r e e  drugs have a s im ila r  a n t ib a c te r ia l  spectrum and are  
e s s e n t i a l l y  th e  same in  pharm acological behaviour. I t  i s  more 
l i k e l y  th a t  h e r e in  l i e s  th e  exp lan a tion  fo r  the overgrowths 
o f  y e a s t s .  They are th e  r e s u l t  o f  th e  su pp ression  o f  a n t ib io ­
t i c  s e n s i t i v e  organ ism s. The p resen t in v e s t ig a t io n  stren g th en s
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th e  p rev io u s argum ent. When adequate c o n c en tr a tio n s  o f  a n t i ­
b i o t i c  are  m ain ta ined  in  an area  where th e  normal m icro flo ra  
c o n ta in s  s u s c e p t ib le  organism s, then  Candida may overgrow.
4  .V r-  A i - ' . d  * % ¥
- V-’: i'- i ■:
124
S e c t io n  2 . THE GROWTH OF COLIFORMS
For th e  surgeon one o f  th e  advantages a fford ed  by- 
mod ern chemotherapy i s  th e  in crea sed  s a fe ty  w ith  which he can 
undertake m ajor o p e r a tio n s . A n t ib io t ic s  are  w id ely  employed as 
p r o p h y la c t ic  a g en ts a g a in s t  p o s t-o p e r a t iv e  in f e c t io n .  In t h is  
c o n n e c tio n  i t  must be borne in  mind th a t th e  a n t ib io t ic  i s  a 
tw o-edged  weapon. A n t ib io t ic s  do n o t always e n t ir e ly  suppress 
p o s t -o p e r a t iv e  in f e c t io n  and th e  in f e c t io n  may pursue such a 
m ild  co u rse  th a t  i t s  fa m ilia r  s ig n s  and symptoms are not only  
m od ified  but even  q u ite  a b sen t. T h is low grade in f e c t io n  may 
be th e  r e s u l t  o f  th e  b a c t e r io s t a t ic  ra th er  than th e  b a c te r io ­
c id a l  e f f e c t  o f  th e  a n t ib io t i c  on h ig h ly  v ir u le n t  organisms or 
th e  in f e c t io n  may be due to  r e s i s t a n t  organisms o f  low pathogen­
i c i t y .  In  1952 Lake drew a t te n t io n  to  the masking e f f e c t  by 
a n t i b io t i c s  o f th e  appearance o f p o s t-o p e r a t iv e  sub-phrenic  
a b s c e s s .  There may be a c o l l e c t io n  o f pus under the diaphragm 
even when abdom inal p a lp a tio n  r e v e a ls  no abnorm ality and o f  
co u rse  i l l - h e a l t h  p e r s i s t s  in  the p a t ie n t  u n t i l  the pus i s  
evacu at e d .
The o th er  sphere in  which the surgeon uses a n t ib io t ic s  
p r o p h y la c t ic a l ly  i s  in  th e  p rep aration  o f  p a t ie n ts  fo r  surgery  
o f  th e  bow el. The i n t e s t i n a l  organism s are n ot pathogenic as 
lo n g  as th e y  rem ain in  th e  bowel but i f  they gain a c ce ss  to
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oth er  t i s s u e s  in  la r g e  q u a n t it ie s  they can cause an in f e c t io n .  
T h is i s  p a r t ic u la r ly  l i a b l e  to  happen during and a f te r  r e s e c t io n  
o f  p a r t o f  th e  bow el when th e  peritoneum  may be s o i le d  by many 
i n t e s t i n a l  organism s r e s u l t in g  in  p e r i t o n i t i s .  The broad-spec-  
trum a n t i b io t i c s  by t h e i r  e f f e c t iv e n e s s  a g a in st Gram n e g a tiv e  
as w e l l  as Gram p o s i t iv e  organism s are  p e c u lia r ly  s u ita b le  as 
p r e -o p e r a t iv e  a n t i s e p t i c s .
The organism  most numerous in  the co lon  and pathogen­
ic  when i t  g a in s  a c c e ss  to  the p e r ito n e a l c a v ity  in  la rg e  numbers 
i s  E sc h e r ic h ia  c o l i . In 1886 E sch er ich  i s o la t e d  the organism  
from norm al fa e c e s  and named i t  Bacterium  c o l i  commune. The 
name E sc h e r ic h ia  c o l i  (E . c o l i ) i s  now r e p la c in g  th e  o ld er  name 
B acterium . The organism s in  the co lifo rm  group are ch aracter­
is e d  by th e  f a c t  th a t  th ey  are Gram n e g a tiv e  b a c i l l i  which f e r ­
ment la c t o s e  b ro th  w ith  th e  production  o f  a c id  and gas, The 
group in c lu d e s  b oth  E .c o l i  and A erobacter a erogen es. This 
l a t t e r  organism  was f i r s t  d escr ib ed  in  1885 by E scherich  who 
found i t  in  so u r in g  m ilk . I t  i s  a ls o  a common in t e s t in a l  
organism  b u t, u n lik e  E .c o l i ,  i s  n o t uncommon in  nature o u ts id e  
th e  a lim en ta ry  t r a c t .  I t  d i f f e r s  from E .c o l i  in  i t s  t o t a l  
absen ce o f  f la g e l la ^ /  i . e .  i t  i s  n on -m otile  and i t  i s  alm ost
never p a th ogen ic  in' man.
In  b oth  th e  pneumonia and tu b e r c u lo s is  s e r ie s  the
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d isap p earan ce  o f  c o lifo r m s from th e  fa e c e s  was noted during  
th erap y . S in c e  no attem pt was made to  d is t in g u is h  between 
E .c o l i  and A erob acter  a ero g en es , th e s e  organism s are re fer r ed  
to  as c o l i fo r m s .
METHOD
Each r e c t a l  swab from th e  pneumonia s e r ie s  and a 
lo o p fu l  o f  fa e c e s  from each specim en from the tu b e r c u lo s is  
s e r ie s  were in o c u la te d  on to  MacConkey!s medium, incubated fo r  
24 hours a t  37°C and c o lifo r m  c o lo n ie s  were id e n t i f ie d  by th e ir  
m orphology and m icro sco p ic  appearance. T y p ic a lly  th e  c o lo n ie s  
were m o is t ,  p in k  and opaque. In th e  Oram f ilm  o f  th e  fa ec es  
o f  th e  tu b e r c u lo s is  p a t ie n t s  G-ram n e g a tiv e  b a c i l l i  were record­
ed as " ab sen t" , "scanty" or "heavy".
I p e r s o n a lly  ca rr ied  out the exam inations for  c o l i ­
forms .
RESULTS
A. PNEUMONIA SERIES. The f in d in g s  in  the two treatm ent groups 
are shown in  T ab le 19 . The f ig u r e s  in c lu d e  th e  p a tie n ts  admit­
ted  to  th e  s e r i e s  but in  whom a d ia g n o sis  o f  pneumonia was not
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confirm ed; p a t ie n t s  who d ied  b e fo re  th e  f u l l  s e r ie s  o f swabs 











TERRAMYCIN Absent 0 24 36 37 27
GROUP Scanty 9 2 3 1 0
(85 cases) Heavy % 59 46 47 58
SULEHADIAZINE Absent 0 15 20 16 22
GROUP Scanty 7 2 1 0 2
(69 cases) Heavy 62 52 48 53 45
PENICILLIN Absent 0 2 2 5 3
GROUP Scanty 0 1 2 2 1
(16 cases) Heavy 16 13 12 11 12
were tak en  are ex c lu d ed . In the terram ycin group co liform s  
d isap p eared  from  th e  i n t e s t i n a l  t r a c t  in  36 (43%) o f the ca ses  
by th e  f i f t h  day compared w ith  20 (29$>) in  the su lph ad iazine  
group. Two days a f t e r  treatm en t had been stopped, i . e .  on
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th e  sev en th  day in  h o s p i t a l ,  c o lifo r m s were absent in  37 (44$) 
o f  th e  terram ycin  group and in  16 (23$) o f  th e  su lp h a d ia z in e  
group. In  th e  sm a ll group r e c e iv in g  p e n i c i l l i n  in  a d d itio n  to  
su lp h a d ia z in e , in  2 c a se s  (1 2 .5 $ ) on th e  f i f t h  day, 5 (30$) on 
th e  se v en th  day and 3 (19$) on th e  n in th  day co lifo rm s f a i le d  
to  grow. As p e n i c i l l i n  has no e f f e c t  on dram n e g a tiv e  organ­
ism s one would n ot exp ect t h i s  group to  d i f f e r  from the group 
r e c e iv in g  su lp h a d ia z in e  o n ly .
B* TUBERCULOSIS SERIES. T able 20 shows th e  f in d in g s  o f  m icro­
sc o p ic  and c u ltu r e  exam inations fo r  c o lifo rm s in  35 p a t ie n ts  
during a co u rse  o f  ch loram p hen ico l; 20 p a t ie n ts  during a cou rse  
o f  aureom ycin (th e  5 p a t ie n t s  who r e c e iv e d  paraben aureomycin  
are  in c lu d e d  h e r e ) ,  and 25 p a t ie n t s  during a course o f terram y­
c in .
In  th e  s e r ie s  o f  80 p a t ie n t s ,  no co lifo rm s grew on
MacConkey^ medium in  21 (26$) a f t e r  8g o f  a n t ib io t ic  nor in
17 (21$) a f t e r  16g o f  a n t i b io t i c .  C oliform s were reduced or 
ab sen t on c u ltu r e  o f  th e  fa e c e s  in  32 (40$) a f te r  8g and in  
31 (39$) a f t e r  16g . T h is  in d ic a te s  th a t  no advantage was ga in ­
ed by p r o lo n g in g  th e  cou rse  beyond 8g o f  a n t ib io t i c .  In th e  
d ir e c t  f i lm  exam in ation , c o lifo r m s were reduced or absen t in  
42 (52$) a f t e r  8g and 39 (49$) a f t e r  16g. These f ig u r e s  are
a l l  s l i g h t l y  h ig h er  than th o se  ob ta in ed  on c u ltu r e  o f  th e
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sp ecim en .
TABLE 20. -TUBERCULOSIS SERIES -  D3BAJEPBARANCE OP COLIFORMS FROM THE FAECES.
ANTIBIOTIC CROUP TOTAL
NUMBER OF FAECES WITH COLIFORMS
ABSENT SCANTY HEAVY
D/F McC D/F MoC D/F McC
Before Chlor. 35 0 0 0 0 35 35
Aureo. 20 0 0 0 0 20 20
Terr. 25 0 0 0 0 25 25
Series 80 0 0 0 0 80 80
After 8 g. Chlor. 35 1 2 7 4 27 29
Aureo. 20 8 5 6 2 6 13
Terr. 25 15 14 5 5 5 6
---------------------------- ---------------------------- --------------------- ------------------ - — — — — — —————
Series 80 24 21 18 11 38 48
After 16 g. Chlor. 35 2 4 4 6 29 25
Aureo. 20 7 2 7 3 6 15
Terr. 25 15 11 4 5 6 9
Series 80 24 17 15 14 4L 49
D/P. = DIRECT FILM.
McC. = CULTURE ON MacCONKEI'S MEDIUM.
Comparison o f th e  th r ee  a n t ib io t ic s  shows th a t  in
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e lim in a t in g  c o lifo r m s  from the bow el, terram ycin  was most 
e f f e c t i v e ,  aureom ycin n e x t and chloram phenicol l e a s t  e f f e c t i v e .  
A fte r  8g o f terram ycin , co lifo rm s were reduced in  19 (76$) and 
ab sen t in  14 { 56%) ;  th e  corresp ond ing  f ig u r e s  fo r  aureomycin  
were 7 (35$) and 5 (25$) and for  chloram phenicol 6 (17$) and 
2 ( 6$) .
In  c o n s id e r in g  th e  r e s u l t s  in  the pneumonia s e r ie s  
to g e th e r  w ith  th o se  in  the tu b e r c u lo s is  s e r ie s ,  i t  must be r e ­
membered th a t  c u ltu r e s  from r e c t a l  swabs are being compared 
w ith  c u ltu r e  o f a c tu a l  specim ens of fa e c e s .  In  the two t e r r a ­
mycin groups th e  p ro p o rtio n s in  which co lifo rm s disappeared  
from th e  low er bov/el a re  s im ila r . In the pneumonia group a f t e r  
1 4 .2 g, th e  f ig u r e  was 36 (43$) compared w ith  11 (44$) a f te r  16g 
in  th e  tu b e r c u lo s is  group. Comparison o f  su lp h a d ia z in e , aureo­
mycin and ch loram p h en ico l shows th a t  su lp h a d ia z in e  was indeed a 
more a c t iv e  drug a g a in s t  c o lifo r m s than e ith e r  o f th e se  two 
a n t i b i o t i c s .  A fte r  35g su lp h a d ia z in e , co lifo rm s were absent in  
20 p a t ie n t s  (2 9 $ );  a f t e r  16g aureomycin in  2 p a t ie n ts  (10$) and 
a f t e r  16g ch loram p h en ico l in  4 p a t ie n ts  (1 1 $ ).
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DISCUSSION
The f in d in g  th a t  co lifo rm s may not he seen  on m icro­
sc o p ic  exam in ation  o f  a Gram s ta in e d  f i lm  o f  fa e c e s , even a l ­
though th e s e  organism s may he grown on c u ltu r e  o f  th e  same 
specim en , i s  o f  i n t e r e s t .  I t  i s  w e ll  known th a t  b iz a rr e  forms 
o f  c o lifo r m s  appear during a n t ib io t ic  therap y. The b a c i l l i  be­
come e lo n g a ted  and cu rv in g  w ith  s w e ll in g s  a lon g  th e ir  co u rse .
I t  may be th a t  some which undergo t h is  change lo s e  th e ir  s t a in ­
in g  p r o p e r t ie s  and become in d is t in g u is h a b le  as organism s in  the 
Gram n e g a t iv e  d e b r is  o f  th e  fa e c e s  and y e t  are capable o f  grow­
in g  in  fa v o u ra b le  m edia.
The u se  o f  any one o f  the four drugs was not dram atic­
a l l y  e f f e c t i v e  in  red u cin g  the numbers o f  the in t e s t in a l  f lo r a .  
A lthough terram ycin  was th e  b e s t ,  in  about h a lf  o f th e  p a t ie n ts  
c o lifo r m s  p e r s i s t e d .  The probable reason  fo r  th e  poor r e s u l t s  
la y  in  th e  f a c t  th a t  as th e  p a t ie n ts  were not b e in g  prepared fo r  
su rg ery , no ad ju van ts in  th e  s t e r i l i s a t i o n  o f  th e  bowel were 
u se d . The r e d u c tio n  of th e  t o t a l  number o f  b a c te r ia  in  th e  
la r g e  i n t e s t i n e  g r e a t ly  enhances th e  e f f e c t iv e n e s s  o f  terram ycin. 
When terram ycin  i s  g iv en  in  adequate dosage to  p a t ie n ts  w ith  a 
sm a ller  c o n c e n tr a tio n  o f  b a c te r ia  in  th e  in t e s t in e  i t s  a c t io n  
becomes b a c t e r io c id a l .  Baker and P u lask i (1950) gave 11 p a t ie n ts  
a low r e s id u e  d ie t  and a ided  th e  m echanical emptying o f  th e  colon
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by th e  u se  o f  s a l in e  p u r g a tiv e s  or enem ata. When terram ycin  
was su b seq u en tly  g iv en  in  a dosage of 2g fo llo w ed  by 0 .5 g  s i x -  
h o u rly  fo r  5 d a y s , c o lifo r m s  were e lim in a ted  in  a l l  but 1 
p a t ie n t ,  maximal su p p re ss io n  o c cu r r in g  in  72 h ou rs.
The c o n c lu s io n  on th e  s u p e r io r ity  o f  terram ycin  i s  in  
k eep in g  w ith  th a t  o f Di C aprio and Rantz (1950) who claim ed th a t  
terram ycin  was th e  b e s t  drug in  th e  p r ep a ra tio n  o f  p a t ie n t s  fo r  
su rgery  o f  th e  b ow el. They gave 7 p a t ie n t s  3g  o f  terram ycin  
d a i ly ,  in  5 o f  whom c o lifo r m s  were e lim in a te d  in  48 hours and 
in  th e  o th e r  2 , d im in ish ed . L in s e l l  and F le tc h e r  (1950) found  
th a t  on a d ose  o f  lg  terram ycin  s ix -h o u r ly  c o lifo r m s were dim­
in is h e d  w ith in  24 hours and a b sen t by th e  th ir d  day. Less en­
t h u s i a s t i c  r e p o r ts  have been p u b lish ed  con cern in g  th e  e f f i c a c y  
o f  aureom ycin . M etzger and Shapse (1950) g iv in g  5 p a t ie n ts  l g  
aureom ycin t . i . d .  fo r  5 d ays, found th a t  th e  degree of su p p res­
s io n  o f  c o lifo r m s  ob ta in ed  was in f e r io r  to  r e s u l t s  u s in g  su lp h -  
onamides or s tr e p to m y c in . P u la sk i and C on nell (1949) ob ta in ed  
s im ila r  r e s u l t s  on g iv in g  2g aureom ycin d a i ly  to  t h e ir  p a t ie n t s .  
E .c o l i  was red uced  but l e s s  so than w ith  sulphonam ides or s tr e p ­
tom ycin and o th er  organism s were n ot a t  a l l  a f f e c t e d .  They con­
c lu d ed  th a t  aureom ycin h e ld  no prom ise as an i n t e s t i n a l  a n t is e p ­
t i c  .
The reason  f o r  th e  d i f f e r e n c e s  in  r e s u l t s  from th e  u se
133
o f  th e  th r e e  a n t i b io t i c s  may l i e  in  t h e ir  pharm acology. A fte r  
a s in g le  d ose  o f  l g  a l l  th r e e  a n t i b io t i c s  are ex creted  in  la r g e  
amounts in  th e  fa e c e s  in  th e  fo l lo w in g  d escen d in g  co n cen tra -
am phenicol are in a c t iv a te d  in  th e  body and co n seq u en tly  th e  con- 
c e n tr a t io n  o f  a c t iv e  drug in  the fa e c e s  may be even low er. 
H e r r e ll ,  Heilman and Wellman (1950) p o in ted  ou t th a t  th e  concen­
t r a t io n  o f  a n t i b io t i c  in  th e  u r in e  b ears no r e la t io n  to  i t s  
th e r a p e u t ic  e f f i c a c y  in  u r in a ry  in f e c t io n s .  A s im ila r  p r in c ip le  
may govern th e  c o n c e n tr a t io n  in  th e  f a e c e s .  A lthough c h lo r ­
am phenicol i s  very  e f f e c t i v e  in  th e  trea tm en t o f  typ h o id  f e v e r ,  
th e  c a u s a t iv e  organism  here i s  n o t c o n fin ed  to  th e  i n t e s t i n a l  
t r a c t .  C hloram phenicol was found by Woodward, Smadel and Ley
(1950) to  be i n e f f e c t u a l  in  t r e a t in g  typ h oid  c a r r ie r s .
t e s t i n e  and i s  e x cr e te d  in  sm a ll amounts in  th e  f a e c e s .
Hawking (1942) found th a t  th e  c o n c e n tr a tio n  o f  su lp h a d ia z in e  
was 5 .7m g/l00m l o f  fa e c e s  compared w ith  900m g/l00m l for su lp h a-  
gu an id in e  a f t e r  th e  same d o sa g e . S u lp h a d ia z in e , by i t s  g r e a te r  
p o ten cy , can overcome t o  some e x te n t  the d isa d v a n ta g e  o f  i t s  
low c o n c e n tr a t io n  in  th e  f a e c e s .  The r e l a t i v e l y  in s o lu b le  s u l -  
phonamide d e r iv a t iv e s  su ch  as su lp h a  guan id ine and su lp h a su x id in e ,
t io n s  -  terram ycin  550/t/g/g; aureom ycin 400^ g /g  and chloram phen­
i c o l  (W elch, 1950) . A gain , g r e a te r  amounts o f  c h lo r -
S u lp h a d ia z in e  i s  a drug r e a d i ly  absorbed from the in -
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how ever, have a h ig h er  d egree  o f  l o c a l  a c t i v i t y  a g a in s t  i n t e s t ­
in a l  c o lifo r m s  even a lth o u g h  th e y  have l e s s  i n t r in s i c  a n t ib a c ­
t e r i a l  a c t i v i t y  (P oth , 1 9 4 4 ) . P o s s ib ly  th e s e  sulphonam ides 
sh ou ld  be p r e fe r r e d  even t o  terram ycin  fo r  red u cin g  th e  bowel 
f l o r a  p r e -o p e r a t iv e ly . F in lan d  (1953) em phasised th e  im port­
ance o f  ch o o sin g  as a p r o p h y la c tic  a drug oth er  than th e  one 
w hich may have to  be r e l i e d  on in  th e  trea tm en t o f th e  i n f e c ­
t io n  sh ou ld  i t  a r i s e .  The developm ent o f  organism s w hich are  
r e s i s t a n t  to  th e  l e s s  p o te n t  p r o p h y la c tic  drug a llo w s  th e  more 
p o te n t  drug t o  be u sed  w ith  g r e a te r  e f f e c t iv e n e s s  l a t e r .
In  th e  fo l lo w in g  ch a p ter  an attem pt i s  
made to  e s t im a te  th e  s ig n i f ic a n c e  o f  th e  overgrow ths 
o f  C andida, e s p e c i a l ly  in  th o s e  p a t ie n t s  who had 
t o x ic  r e a c t io n s  from a n t i b io t i c  th era p y .
CHAPTER IV.
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THE RELATIONSHIP BETWEEN THE CLINICAL SIDE-EFFECTS OF 
ANTIBIOTICS AND THE GROWTH OF CANDIDA ALBICANS
T ab le  21 shows how o f te n  overgrow ths o f  Candida were  
found in  a s s o c ia t io n  w ith  th e  s id  e - e f f e c t s  noted  in  th e  p a tien ts.
TABLE 21. -  RELATION OP SIDE-EFFECTS OP ANTIBIOTIGS TO GROWTH OP CANDIDA.
SIDE EFFECT TOTAL
GROWTH OP CANDIDA
Absent Scanty Heavy S ite
Pneumonia S er ies Diarrhoea 3 0 0 3 Rectum
Terrarqycin Group Atrophio G lo s s it is 7 4 0 3 Throat
(75 oases) Black Tongue 1 0 0 1 Tongue
Tuberculosis G astric upset 19 3 3 13 Faeces
S er ies Diarrhoea 41 3 8 30 Faeces
(80 oases) Atrophic G lo s s it is 9 5 3 1 Tongue
Black Tongue 6 0 2 4 Tongue
Ano-Rectal
Syndrome
4 1 2 1 Anus
I t  i s  u n l ik e ly  th a t  g a s t r ic  u p se t  was in  any way r e la te d  to  th e  
overgrow th  o f  Candida. The h ig h  a c id i t y  o f th e  normal g a s t r ic  
c o n te n ts  does not perm it th e  e sta b lish m e n t o f  a m ic r o flo r a  
e i t h e r  o f  b a c te r ia  or y e a s t s .  When th e  c o v e r in g  o f  th e  o r a l  
c a p su le  d i s s o lv e s  in  th e  stom ach th e  a n t ib io t i c  i s  l ib e r a te d  
in  h ig h  c o n c e n tr a t io n s . The d ir e c t  i r r i t a n t  e f f e c t  o f  the a n t i ­
b i o t i c  on th e  g a s t r ic  mucosa seems th e  most r ea so n a b le  explanation.
fo r  th e  n au sea , v o m itin g  and e p ig a s t r ic  p a in .  I n  s u p p o r t  o f  
t h i s  i s  th e  f in d in g  by F in la n d , G rigsby and H aight (1954) t h a t  
th e r e  was l e s s  g a s t r o - in t e s t in a l  u p se t  d u rin g  terram ycin  and 
aureom ycin th erap y  i f  sm a lle r  in d iv id u a l  d oses w ere u sed . 
F urtherm ore, g a s t r o - in t e s t in a l  u p se t  was l e s s  freq u en t i n  
p a t ie n t s  on a s ix -h o u r ly  th an  on a fo u r -h o u r ly  dosage  re g im e .
A n t ib io t ic s  are  e x c r e te d  in  f a i r l y  h ig h  c o n c e n tr a tio n s  
in  th e  fa e c e s  and h ere  a g a in , i r r i t a t i o n  o f  th e  I n t e s t i n a l  
mucosa by th e  a n t i b io t i c  may r e s u l t  In  d ia r r h o e a . M ost o f th e  
drug, how ever, has been absorbed and th e  r e m in d e r  th orou gh ly  
mixed and d i lu t e d  w ith  th e  i n t e s t i n a l  c o n ten ts  by th e  t i n e  i t  
re a c h e s  th e  low er bow el. A lso , many o f  th e  p a t i e n t s  w i th  
d ia rrh o ea  d id  n o t have g a s t r ic  i r r i t a t i o n ,  s u g g e s t in g  t h a t  some 
o th er  f a c t o r  c o n tr ib u te s  towards th e  d ia r r h o e a . T a b le  21 shows 
th a t  38  p a t ie n t s  (93^.) w ith  d ia rrh o ea  i n  t h e  t u b e r c u lo s i s  s e r i e s  
had Candida in  th e  s t o o l s ,  In  30 (73^) o f  whom th e  g row th  was 
heavy and in  th e  th r e e  p a t ie n t s  in  th e  pneumonia group  w ith  
d ia rrh o ea  heavy growths o f  Candida were ob ta in ed  from t h e  r e c t a l  
sw abs.
Woods, Manning and P a tte r so n  (1951) c o n sid ered  t h a t  
th e  d ia rrh o ea  d u rin g  a n t i b io t i c  th erap y  was due t o  th e  o v e r­
grow ths o f  y e a s t s  in  th e  b ow el. The co n n e c tio n  betw een y e a s t s  
and d ia rrh o ea  has lo n g  been r e c o g n is e d . In  1924 F le is h e r  and
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Wachowaik in v e s t ig a t e d  th e  s t o o ls  o f 32 p a t ie n t s  w ith  d iarrh oea  
and found y e a s t s  in  63$ . They t e n t a t iv e l y  su g g ested  th a t  th e  
y e a s t s  were th e  c a u se  o f  th e  d iarrh oea  and in  1929 A shford con­
s id e r e d  th a t  in f e c t io n  w ith  M on ilia  p s i l o s i s , now known to  he  
i d e n t i c a l  w ith  Candida a lb ic a n s , was th e  cause o f  t r o p ic a l  
sp ru e . Y ea st e x tr a c t  i s  b e l ie v e d  to  in c r e a s e  th e  fu n c t io n a l  
a c t i v i t y  o f  th e  i n t e s t i n e  and p eop le  ta k in g  brew erTs y e a s t  med­
i c i n a l l y  o f t e n  com plain o f  d ia rrh o ea .
More re ce n tly , M erliss and Hoffman (1951) suggested  
that the y ea sts  were the r e s u lt  rather than the cause of d iar­
rhoea, which was due to  the rapid passage of the in te s t in a l  con­
te n ts  through the lower bowel. This resu lted  in  organisms nor­
mally found higher up in  the alim entary canal being excreted in  
large q u a n titie s  in  the fa eces and Candida may have been such 
an organism.
The th ird  p o s s ib i l i t y  i s  that Candida in  the s to o l i s  
merely an in c id e n ta l fin d in g  and of no s ig n if ic a n c e . In support 
o f th is  i s  the f i f t y  pneumonia p a tien ts  in the present in v e s t i­
gation  who had heavy growths o f Candida in  the rectum as a r e su lt  
of terramycin therapy, yet only three had diarrhoea. I t  cannot 
be d isputed , however, and my find in gs are in  agreement w ith th is ,  
that a person w ith  diarrhoea i s  more l ik e ly  to have Candida in  
the s to o ls  than a normal person. Whether Candida has any
139
a e t i o l o g i c a l  r e la t io n s h ip  to  th e  d iarrh oea  has by no means been  
e s t a b l i s h e d .
Among th e  o th er  s id e - r e a c t io n s  found, th e  one w ith  
w hich  Candida i s  a s s o c ia te d  in  th e  minds o f  most p h y s ic ia n s ,  
i s  b la c k  to n g u e . Even h e r e , th e  r e la t io n s h ip  i s  not thorough­
l y  c le a r ,  a lth o u g h  in  f i v e  o f  th e  seven  p a t ie n t s  w ith  b lack  
to n g u e , heavy growths o f  Candida were o b ta in ed  from c u ltu r e  o f  
tongu e sw abs. Toraaszewski (1953) examined m ic r o s c o p ic a lly  
tongue sc ra p in g s  from p a t ie n t s  w ith  b la c k  ton gu es a f t e r  a n t i ­
b i o t i c  th erap y and found Candida in  60$. In  a l l  c a se s  th e  a n t i ­
b i o t i c  had d im in ish ed  th e  b a c t e r ia l  f l o r a  and in  40$ i t  was 
a b s e n t . H is in v e s t ig a t io n  showed th a t  th e r e  was no s p e c ia l  
ty p e  o f  f l o r a  a s s o c ia te d  w ith  b la c k  tongue and he con sid ered  
th a t  th e  p r e sen ce  o f  Candida was m erely in c id e n t a l .
Even i f  in f e c t io n  w ith  Candida i s  n ot th e  a e t i o l o g ic ­
a l  f a c to r  in  b la c k  tongue i t  i s  p o s s ib le  th a t  i t  i s  th e  fa c to r  
w hich keeps th e  c o n d it io n  go in g  a f t e r  a n t ib io t i c  therapy i s  
sto p p ed . U n lik e  d ia rrh o ea  w hich u s u a l ly  c e a se s  when th e  a n t i ­
b i o t i c  i s  d is c o n t in u e d , b la ck  tongue does not c le a r  up so  
q u ic k ly . In  th e  p r e se n t  seven  p a t ie n t s ,  th e  tongue e v e n tu a lly  
r e v e r te d  to  normal but th e  p r o c ess  was slow  and gradual over a 
p er io d  o f  one to  fo u r  w eeks. Rubbing th e  tongue four h ou rly  
w ith  a swab soaked in  C o llu te  Thymol Go B .P .C . improved th e
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c o n d it io n . A s p e c ia l  mouth wash o f  paraben e s te r s  d is s o lv e d  in  
50$ g ly c e r in e  and w ater  was prepared fo r  th e s e  p a t ie n t s  and t h i s  
a ls o  was found to  be o f  b e n e f i t .
Tomaszewski examined tongue sc ra p in g s  from p eop le  w ith  
id io p a t h ic  b la c k  ton gu es and aga in  found Candida in  60$. He 
made th e  i n t e r e s t i n g  o b se r v a tio n  th a t  a n t ib io t i c  lo z e n g e s  or 
tr o c h e s  can a c tu a l ly  be a cure fo r  b la ck  ton gu e. By t h e ir  l o c a l  
a c t io n  th e y  denude th e  su r fa c e  o f  th e  tongue o f  th e  accum ulated  
d e b r is .  I t  seem s rea so n a b le  th a t  i t  i s  th e  same lo c a l  a c t io n  
w hich ca u ses th e  a tro p h ic  type o f  g l o s s i t i s .  Even a f t e r  sw al­
lo w in g  th e  c a p s u le s , s u f f i c i e n t  a n t ib io t i c  i s  ex cr e te d  in  th e  
s a l i v a  (K raus, Casey and Johnson, 1951) to  cau se  t h i s  lo c a l  
i r r i t a n t  e f f e c t .  F is h e r  and L eid er (1951) found th a t  p a t ie n ts  
g iv e n  tr o c h e s  c o n ta in in g  as l i t t l e  as 15mg o f  a n t ib io t i c  were 
more l i a b l e  to  have o r a l  symptoms o f  m ucosal i r r i t a t i o n  than  
p a t ie n t s  who sw allow ed the f u l l  dose in  c a p s u le s . In th e  p resen t  
s e r i e s  no r e la t io n  was found betw een a tro p h ic  g l o s s i t i s  and th e  
growth o f  Candida in  tongu e swabs.
The a n o -recta l syndrome i s  p o ssib ly  a r e s u lt  o f the  
overgrowth of Candida w ith in  the rectum but the re la tio n sh ip  i s  
not con stan t. In 3 of the 4 p a tien ts  w ith th is  syndrome, Candida 
was present in  the skin  round the anus and a l l  of them had heavy 
growths o f Candida in  the s to o ls .  Harris (1950) and Tomaszewski
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found Candida in  th e  exudate or sk in  round th e  anus in  some o f  
t h e i r  p a t ie n t s  w ith  symptoms o f  a n a l i r r i t a t i o n  and W illco x
(1951) in  2 o f  h i s  5 p a t ie n t s  w ith  th e  syndrome. They thought 
th a t  l o c a l  in f e c t io n  w ith  Candida m ight he r e s p o n s ib le  fo r  th e  
symptoms but L ip n ik , Kligman and S tr a u ss  (1952) con sid ered  th a t  
th e  symptoms cou ld  be more r e a d i ly  a t tr ib u te d  to  lo c a l  i r r i t a ­
t io n  by th e  a n t i b i o t i c .  I t s  h ig h  c o n c e n tr a tio n  in  th e  rectum  
caused  r e c t a l  i r r i t a t i o n  and lea k a g e  o f sm a ll amounts o f  f l u i d  
lad en  w ith  a n t i b io t i c  caused i r r i t a t i o n  o f th e  surrounding s k in .
In  th e  mouth, o n ly  th e  appearance o f  t y p ic a l  th ru sh  i s  
d ia g n o s t ic  o f  m o n il ia l  i n f e c t i o n .  None o f  th e  p r e se n t c a se s  
showed t h i s  but Woods, Manning and P a tte r so n  found i t  in  t h e ir  
20 c a s e s  o f  oro -p h aryn gea l m o n il ia s is  fo l lo w in g  a n t ib io t i c  th e r ­
apy.
Another s i d e - e f f e c t  w hich I d id  n ot observe and w hich  
i s  p o s s ib ly  r e la t e d  to  Candida i s  p e r le c h e . I t  occurred in  11% 
o f  H arris ! s p a t ie n t s  and in  2 o f  them he found Candida in  th e  
l e s io n .  He c o n s id e r e d , how ever, th a t  th e  a l t e r a t io n  by a n t ib io ­
t i c s  o f  normal i n t e s t i n a l  l i f e  in te r fe r e d  w ith  th e  s y n th e s is  o f  
v ita m in  B. A lthou gh  th e  mucous membrane l e s io n s  develop ed  too  
r a p id ly  to  be due to  a v ita m in o s is  he thought th a t  Candida was a 
secondary in vad er in  p a t ie n t s ,  th e  r e s is ta n c e  o f  whose t i s s u e s  
had been  low ered by v itam in  B d e f ic ie n c y .
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The c l in i c a l  course of Candida in fe c t io n  appears to 
be governed, not by any property o f the organism i t s e l f  but by 
the general s ta te  o f  h ea lth  of the h o st. Many people harbour 
sm all numbers o f y ea sts  in  the resp ira tory  and alim entary tr a c ts  
and in  them the organism has been incorporated in  the commensal- 
ism ty p ic a l of the normal m icroflora . The fin d in g  that Candida 
i s  the predominant organism in  the m icroflora im plies that the 
other components have been elim inated and the agents most often  
resp on sib le  for  th is  are the a n t ib io t ic s .  Even th ese  over­
growths o f Candida seldom give r is e  to sign s o f c l in ic a l  in fe c ­
t io n .
P atien ts who are h ea v ily  in fec ted  w ith Candida may be 
c la s s i f ie d  as f a l l in g  in to  one of three ca teg o r ie s . In the f ir s t  
the overgrowths of Candida remain harmless saprophytes and are 
only known to be present when they are d e lib er a te ly  sought.
T h is i s  by far th e  commonest and in  i t  f a l l  most o f th e  p a t ie n t s  
in  th e  p r e se n t in v e s t ig a t io n .  In  th e  second c a te g o r y , Candida 
g iv e s  r i s e  to  symptoms and s ig n s  o f  a s u p e r f i c ia l  m ycotic i n f e c ­
t io n  w hich does n o t endanger th e  p a t i e n t ?s l i f e .  In to  t h i s  f a l l  
th e  seven  p a t ie n t s  w ith  b la ck  ton gu e . The th ir d  c a te g o ry  i s  one 
where th e  s u p e r f i c ia l  m o n il ia s is  goes on to  become a deep myco­
s i s  w hich may be f a t a l .  T h is r a re  occu rren ce d id n ot b e f a l l  any 
o f  th e  p r e se n t  p a t ie n t s .
14.3
In conclusion* i t  must be admitted that I found l i t t l e  
evidence th a t Candida has a s ig n if ic a n t  bearing on the s id e -  
e f f e c t s  o f a n t ib io t ic s .  We are on f a ir ly  firm  ground in  be­
l ie v in g  that Candida in  the mouth p lays an important ro le  in  
m aintaining the con d ition  o f b lack tongue. The mere is o la t io n  
o f Candida from the le s io n s  of p a tien ts  w ith other s id e -e f fe c t s  
does not e s ta b lis h  i t  as the cause o f the symptoms and s ig n s.
We must take in to  account the p a tien ts  w ith to x ic  reaction s from 
whom Candida was not obtained and a ls o , the other p a tien ts with 
overgrowths o f Candida who did not have s id e - e f f e c t s .  Lipnik, 
Kligman and Strauss b elieved  that the lo c a l  maintenance of a 
f a ir ly  h igh  concentration  o f a n tib io t ic  was the main factor in  
causing s id e - e f f e c t s .  That i t  does th is  through the medium of  
Candida in fe c t io n  i s  very doubtfu l. I t  appears that Candida, 
even when i t  overgrows during a n tib io t ic  therapy, remains for  
the most part a harmless saprophyte.
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In  th e  f i r s t  s e c t io n  o f  the n ex t chapter  
th e  symptom o f  d ia rrh o ea  i s  in v e s t ig a t e d .  S in ce  i t  
did  n o t appear to  be th e  r e s u l t  o f Candida in f e c t io n  
o f  th e  i n t e s t i n a l  t r a c t  and i t  was th e  most co n sta n t  
s i d e - e f f e c t  o f  a n t i b io t i c  th era p y , i t  seemed p o s s ib le  
th a t  i t  was due to  some o th er  change in  th e  i n t e s t i n a l  
t r a c t  wrought by a n t ib io t i c  th era p y . The e f f e c t  o f  
a n t i b io t i c s  on f a t  a b so rp tio n  and th en  on i n t e s t i n a l  
t r a n s i t  tim e i s  s tu d ie d .
In  th e  second s e c t io n  th e  e f f e c t  o f  a n t ib i ­
o t i c  therap y on th e  pH o f  th e  s a l iv a  i s  exam ined. The 
pH f in d in g s  a re  th en  examined fu r th e r  to  d isc o v e r  i f  
any r e la t io n s h ip  e x i s t s  betw een th e  pH o f  th e  s a l iv a  




FURTHER INVESTIGATIONS ON THE SIDE-EFFECTS OF ANTIBIOTICS
S e c t io n  1 . THE CAUSE OF DIARRHOEA
The occu rren ce  o f  d ia rrh o ea  in  51^ o f  the tu b e r c u lo s is  
s e r i e s  was th e  more s u r p r is in g  s in c e  so  few o f  th e  pneumonia 
p a t ie n t s  on terram ycin  treatm en t had com plained o f i t .  Admit­
t e d ly  t h e i r  dose  o f terram ycin  was sm a lle r , 1 4 .2g in  f i v e  d a y s, 
compared w ith  th e  16g in  fou r  days w hich th e  tu b e r c u lo s is  
p a t ie n t s  r e c e iv e d .  The d i f f e r e n c e ,  however, was nob f e l t  to  be 
s u f f i c i e n t l y  g r e a t t o  account fo r  th e  ab sen ce o f  d iarrh oea  in  
th e  pneumonia p a t ie n t s .
One d is p a r it y  in  th e  two groups la y  in  th e  d i e t .  For 
th e  f i r s t  48 h ou rs, th e  pneumonia p a t ie n t s  were m ainly on f lu id s  
and th en  on l i g h t  d i e t  w h ile  th e  tu b e r c u lo s is  p a t ie n ts  were on 
a generous f u l l  d i e t .  I t  was p o s s ib le  th a t  during a n t ib io t i c  
th erap y th e r e  was d e f e c t iv e  a b so rp tio n  o f  food  from th e  bowel 
thu s a cco u n tin g  fo r  th e  bulky s t o o l s .  S in ce  f a t  a b so rp tio n  i s  
a good in d ic a t io n  o f  a b so r p tio n  o f  f o o d s tu f f s  g e n e r a lly , i t  was 
d ec id ed  to  c o n tr o l  th e  f a t  in ta k e  in  a group o f  tu b e r c u lo s is  
p a t ie n t s  and m easure th e  f a t  output b e fo re  and during a co u rse  
o f  a n t i b i o t i c .
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MATERIAL AND METHODS
S ix  p a t ie n t s  were s tu d ie d . With th e  h e lp  o f  th e
C o lle g e  o f  D om estic S c ie n c e  a d ie t  c o n ta in in g  90g f a t  was made
up. T h is  r a th er  generous amount o f  f a t  was a l lo t t e d  b ecau se
th e  p a t ie n t s  were s u f f e r in g  from pulmonary tu b e r c u lo s is ,  but
n o th in g  o u ts id e  th e  d ie t  was a llo w ed . The p a t ie n t  was on th e
d ie t  fo r  24 hours b e fo r e  th e  c o l l e c t i o n  o f  s t o o l s  was begun.
A commode c o n ta in in g  a l id -c o v e r e d  t i n  was used by the p a t ie n t
and a t  th e  end o f  each  2 4 -hour p e r io d , the t i n  was removed and
a f r e s h  one s u b s t i tu t e d .  The d ie t  and c o l l e c t io n  o f s t o o l s
were co n tin u ed  fo r  14 d ays. A fte r  th e  f i r s t  four days, t e r r a -
n ^ cin  l g  s ix -h o u r ly  was g iv en  fo r  a fu r th e r  fo u r  days up to  a
t o t a l  d ose  o f  16g . A cco rd in g ly  th e  d u ra tio n  o f  th e  t e s t  can
be d iv id e d  in to  th r e e  p e r io d s : -
D l-4  . . .  b e fo r e  terram ycin
D 5-8 . . .  d u rin g  terram ycin
D9-14 . . .  a f t e r  terram ycin
The appearance o f  each  c o l l e c t i o n  o f  s t o o l  was noted  
and a lo o p fu l  in o c u la te d  on to  Sabouraudfs medium fo r  th e  de­
t e c t io n  o f  y e a s t s .
E stim a tio n  o f  F a ec a l F a t . The t o t a l  h ig h er  f a t t y  a c id s  
in  the fa e c e s  w ere e stim a te d  by th e  method d escr ib ed  by van de 
Kamer e t  a l .  (1 9 4 9 ) . The d e t a i l s  o f  th e  method which I fo l lo w ­
ed w ere adapted from  van de Kamer by P ro fe s s o r  A.C. F r a z e r ,
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Departm ent o f  Pharm acology, Birmingham U n iv e r s ity .
On a m echan ica l m ixer (Kenmix) o f  j u s t  under 1 l i t r e  
c a p a c ity  th e  l e v e l  reach ed  by 750ml o f  w ater was marked. The 
24-hour c o l l e c t i o n  o f  s t o o l  was poured in to  the empty m ixer and 
th e  volume made up to  th e  mark 750ml w ith  tap  w ater from a 
m easuring c y l in d e r .  The volume o f  fa e c e s  was e stim a ted  by th e  
d i f f e r e n c e .  The l i d  was screwed on t i g h t l y  and th e  m ixer run 
a t  f u l l  sp eed  f o r  one m inu te. B efore  sed im en ta tion  or cream ing  
o ccu rred , a 10ml a l iq u o t  o f  th e  e m u ls if ie d  fa e c e s  was tr a n s ­
fe r r e d  w ith  a 10ml sy r in g e  f i t t e d  w ith  an en larged  e x i t  tube  
in to  a 250ml ground g la s s  stop p ered  c o n ic a l  f la s k .  To t h i s  was 
added 47ml o f  a lc o h o l ic  3% p otassiu m  hydroxide c o n ta in in g  0.4% 
amyl a lc o h o l .  A few  c h ip s  o f  porous pot were p laced  in  th e  
f l a s k  w hich was f i t t e d  w ith  a r e f lu x  condenser and th e  m ixture  
was b o ile d  on a steam  b ath  fo r  tw enty m inu tes. The f la s k  was 
c o o le d  under ru n n in g  tap  w ater and 15ml o f  aqueous h yd roch lor ic  
a c id  (2  w a te r :1  co n cen tra ted  a c id )  added. The d ig e s t  was w e l l  
c o o le d  b e fo r e  th e  a d d it io n  o f  th e  h yd roch lor ic  a c id  to  preven t 
e s t e r i f i c a t i o n  o f  th e  f a t t y  a c id s .  The f la s k  was co o led  a g a in  
and 50ml p etro leu m  e th er  were added. The m ixture was shaken  
v ig o u r o u s ly  fo r  one m inute and a llow ed  to  s e t t l e .  U sin g  a 
p r e ssu r e  p ip e t t e  a 10ml a l iq u o t  o f  petroleum  eth er  was tr a n s ­
fe r r e d  in t o  a 50ml f l a s k  and, a f t e r  the a d d it io n  o f  2ml o f
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n e u tr a l  a b s o lu te  a lc o h o l ,  t h i s  was t i t r a t e d  w ith  M/50 t e t r a  
m ethyl ammonium h y d ro x id e . The n e u tr a l a b so lu te  a lc o h o l was 
added to  improve th e  m ix in g  o f  th e  two s o lu t io n s  and thu s enab le  
d ir e c t  t i t r a t i o n  t o  ta k e  p la c e  in  th e  petro leum  e th e r . The a l ­
k a l i  was s ta n d a r d ise d  a g a in s t  a known s o lu t io n  o f  b en zo ic  a c id .  
The in d ic a to r  u sed  was thym ol b lu e  and i f  any h y d ro ch lo r ic  a c id  
had been c a r r ie d  over w ith  the p etro leu m  e th er  a l iq u o t  th e  in d i ­
c a to r  f i r s t  showed r e d . A llow ance was made fo r  th e  q u a n tity  o f  
a l k a l i  needed to  change th e  c o lo u r  from  red  to  y e llo w  as t h i s  
was o n ly  t i t r a t i o n  o f m in era l a c id . The end p o in t  was taken  as 
th e  f i r s t  change o f  the s o lu t io n  a f t e r  sh ak in g  from y e llo w  to  
g reen .
C a lc u la t io n
D a ily  e x c r e t io n  o f  f a t t y  a c id  (a s s t e a r i c  a c id  M.Wt. 284) =
(284 x  N x  V x 50) 
v x(I,COO x  1 6  x  10) in  grams
284 x  1 x  750 x  50 . . .
-  v - T75OTTx- W T T g --x - I 0 v “ t i t r a t i o n  f ig u r e
-  v . 2 .1 3 g  N = n o rm a lity  o f
& standard a lk a l i
V s t o t a l  volume o f
e m u ls if ie d  fa e c e s .
For t e n  days th e  amount o f  f a t  in  sam ples o f  ord inary
m ilk  was e stim a ted  and th e n  in  th r e e  24-hour c o l l e c t io n s  o f
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th a t  th e  method was g iv in g  a ccu ra te  r e s u l t s  and when t i t r a t i o n  
f ig u r e s  cou ld  be d u p lic a te d  w ith in  0 .5m l o f  each  o th e r , th e  
p a t i e n t s ,  two a t  a t im e , were s ta r te d  on the c o n tr o lle d  d i e t .
RESULTS
For each o f  s i x  p a t ie n t s  a d a i ly  record  fo r  14- days 
was o b ta in ed  o f  the volume o f  f a e c e s ,  th e  e x c r e t io n  o f  f a t t y  
a c id  in  g , th en ce  th e  e x c r e t io n  o f  f a t  in  g per 100ml o f  f a e c e s ,  
th e  appearance o f  th e  s t o o l s  and t h e ir  growth o f  candicla. These  
rec o rd s  a r e  g iv en  in  f u l l  in  Appendix IV. but the f in d in g s  have 
been summarised in  T ab le  22  which shows th e  mean rea d in g s fo r  
one day fo r  each p a t ie n t  d u rin g  th e  th r e e  p e r io d s , b e fo r e , dur­
in g , and a f t e r  terra m y c in . Each p a t ie n t  conformed to  the same 
p a tte r n ;  th e  d a i ly  ou tp u t o f  fa e c e s  in c re a se d  in  volume during  
th e  terram ycin  p er io d  and remained h ig h  u n t i l  th e  end o f  th e  
two w eeks; th e  d a i ly  e x c r e t io n  o f  f a t t y  a c id s  rem ained f a i r l y  
c o n sta n t but i t  fo llo w e d  t h a t  th e  e x c r e tio n  o f  f a t  in  g per  
100ml o f  f a e c e s  f e l l  when terram ycin  was s t a r t e d .  The mean 
d a i ly  r e s u l t s  fo r  th e  s ix  p a t ie n t s  exp ressed  as th r ee -d a y  a v er ­
ages to  g iv e  a s l i d i n g  graph are shown in  f i g . 4 .
The s t o o l s  became abnormal and a lth ou gh  in d iv id u a l  
f in d in g s  a re  n o t shown in  th e  ta b le  many became green , o d o u r le ss
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TABLE 22. -  RESULTS OF FAECAL EXAMINATIONS
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Mean 152 3 .1 2.3 Normal Absent
































Mean 308 3 .1 1 .2 4 Soft-Loose Heavy
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Mean 309 2 .9 1 .1 4 Soft-Noxmal Scanty-Heavy
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and co n ta in ed  e x c e s s  mucus. A l l  th e  p a t ie n t s  but one had heavy  
growths o f  Candida d u rin g  th e  co u rse  o f  terram ycin .
The r e s u l t s  in d ic a te  th a t  the a b so rp tio n  o f  f a t  r e ­
mained normal d u rin g  terram ycin  th erap y  but th e  volume o f  
f a e c e s  d id  in c r e a s e  and Candida f lo u r is h e d  in  th e  abnormal 
s t o o l s .  A c co r d in g ly , i t  was concluded th a t  th e  in c r e a s e  in  
bulk  o f  th e  s t o o l s  was n o t due to  unabsorbed f o o d s t u f f s .
I t  seemed a d v is a b le  to  ensu re th a t  the d iarrh oea  was 
p e c u lia r  to  th e  tu b e r c u lo s is  p a t ie n t s  and was n ot o ccu rr in g  un­
observed  in  th e  pneumonia p a t ie n t s .  In an attem pt to  measure 
th e  symptom o b j e c t iv e ly ,  th e  fa e c e s  e x c r e te d  d u rin g  the f i r s t  
week in  h o s p i t a l ,  i . e .  in c lu d in g  th e  f i v e  days o f  th erap y , were 
w eighed in  th e  c a s e  o f te n  pneumonia p a t ie n t s  r e c e iv in g  t e r r a ­
m ycin and, as c o n t r o ls ,  in  the c a se  o f  te n  p a t ie n t s  r e c e iv in g  
s u lp h a d ia z in e .
METHOD
T h is was c a r r ie d  out by th e  ward s i s t e r  or s t a f f  n u rse  
d u rin g  th e  day and by th e  n u rse  in  charge d u rin g  th e  n ig h t .
Each bed-pan, a f t e r  u s e , was drained  o f  any u r in e  and weighed  
on s c a l e s .  By s u b tr a c t in g  th e  w eigh t o f  th e  bed-pan, th e  w eigh t  
o f  fa e c e s  was o b ta in ed  and record ed  in  a book. At th e  end o f  a
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week th e s e  were added t o  g iv e  th e  t o t a l  w eight o f  fa e c e s  e x c r e t ­
ed d u rin g  th e  week.
RESUITS
T ab le  23 shows th a t  th e  mean w e ig h t o f  fa e c e s  fo r  one 
week was more or l e s s  th e  same w hether th e  p a t ie n t  was on t e r r a ­
mycin or su lp h a d ia z in e  th era p y . In crea sed  outp ut o f  fa e c e s






Weight of faeces 56 82
excreted during 59 23
f ir s t  week in 62 16







MEAN (Oz.) 35-4 34.8
th e r e fo r e  seemed to  occur on ly  i n  p a t ie n ts  who v/ere w e l l  enough 
to  be on f u l l  d ie t  and who did n ot have to  contend w ith  such  
c o n s t ip a t in g  fa c to r s  as f e v e r ,  low r e s id u e  d ie t  and co m p le te  
c o n fin e m e n t to  b e d .
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I f  th e  bulky s t o o l s  were due to  an i r r i t a n t  e f f e c t  o f  
th e  a n t ib io t i c  on th e  i n t e s t i n a l  mucosa, i t  was hoped th a t  in ­
t e s t i n a l  hurry m ight be dem onstrab le in  th e  p a t ie n t s  w ith  d ia r ­
rh o ea . The o n ly  method o f  m easuring t r a n s i t  tim e in  the sm all 
i n t e s t i n e  i s  r a d io lo g ic a l  (F rench , 1 9 5 2 ). The tim e a f t e r  
sw a llow in g  in  which th e  head o f  a sim ple barium m eal reach es  
th e  caecum i s  ob serv ed . A lthough th e r e  are  w ide v a r ia t io n s ,  
about 2 hours i s  co n sid er ed  normal in  a d u lt s .  I f  th e  barium  
r ea ch es  th e  caecum in  l e s s  than an hour, th e  in t e s t in e  may be 
regarded  as h y p erm o tile  but i f  th e  barium w ith  th e  s tim u lu s o f  
food has n o t reached  th e  caecum in  5 hours th en  h y p o m o tility  i s  
p r e s e n t .  T h is in v e s t ig a t io n  was c a r r ie d  out in  s ix  o f  th e  tu b ­
e r c u lo s i s  p a t i e n t s .
METHOD
S ix  p a t i e n t s ,  two a t  a t im e , who had been sta rv ed  fo r  
12 hours were g iv en  a sm a ll barium meal o f  2 o z ,  a t  8 .3 0  a.m . 
and X -ray f i lm s  were taken a t  J  hour in t e r v a ls  s t a r t in g  a t  
9 .3 0  a.m . u n t i l  th e  barium appeared to  have reach ed  th e  caecum. 
No food  was g iv en  d u r in g  t h i s  t im e . The f i lm s  w ere s c r u t in is e d  
by th e  h o s p i t a l  r a d io lo g i s t  and the tim e tak en  fo r  the m eal to  
r ea c h  th e  caecum n o te d .
The p a t ie n t s  were th en  g iv en  terram ycin  l g  s ix -h o u r ly .  
I f  th ey  had an in c r e a s e  in  number or bulk o f  s t o o l s ,  th e n  a f t e r
154
th e  l a s t  dose a t  6 a.m . to  com p lete  th e  co u rse  o f  16g, a fu r th e r
2 o z . o f  barium were g iv en  a t 8 .3 0  a.m . and th e  tim e when i t
reached  th e  caecum n oted  as b e fo r e .
RESULTS
T able 24 shows th a t  th e r e  was l i t t l e  a l t e r a t io n  in  th e
sm a ll in t e s t i n e  t r a n s i t  tim e b e fo r e  and a f t e r  16g o f  terram ycin .




AFTER 16 g. 
TERRAMYCIN
Time after swallowing for 2 i 2-2.
2 oz. Barium to reach 2 i 2




MEAH (Hours) 2 f 3
I n t e s t in a l  hurry, i f  p r e s e n t , must then  occur in  th e  la rg e  in ­
t e s t i n e  but u n fo r tu n a te ly  i t  was n ot p r a c t ic a b le  to  measure th e  
la r g e  i n t e s t i n e  t r a n s i t  tim e in  th e  p a t ie n t s .
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DISCUSSION
The fo r e g o in g  r e s u l t s  in d ic a te  th a t  d iarrh oea  d u rin g  
a n t ib io t i c  therap y i s  n o t a s s o c ia te d  w ith  d ecreased  a b so rp tio n  
o f  f a t ,  nor presum ably w ith  d e f e c t iv e  ab so rp tio n  o f  any o th er  
f o o d s t u f f s .  I  was a ls o  unable to  dem onstrate any ev id en ce  o f  
i n t e s t i n a l  hurry when measured by th e  t r a n s i t  tim e of a barium  
meal through th e  sm a ll i n t e s t i n e .
T hese f in d in g s  a re  in  d isagreem ent w ith  th o s e  o f  
M e r lis s  and Hoffman (1951) who in v e s t ig a t e d  d iarrh oea  subsequent 
to  a n t i b io t i c  trea tm en t in  fou r p a t ie n t s .  They found an in ­
c rea sed  amount o f  f a t  in  th e  s t o o l s  and a tendency fo r  th e  
d ia r rh o ea , which was o f  a m ild  n a tu re , to  be aggravated  by f a t  
in g e s t io n .  A l l  are  fe a tu r e s  o f  s te a to r r b o e a  and th ey  con sid ered  
th a t  th e  d ia rrh o ea  c lo s e l y  resem bled  th a t  o f  th e  sprue syndrome 
and m ight even be id e n t i c a l  w ith  i t .  S in ce  t h i s  c o n d it io n  a r is e s  
from d y s fu n c tio n  o f th e  sm a ll bow el, they  concluded th a t  th e  
ca u se  o f  d ia rrh o ea  fo l lo w in g  a n t ib io t i c  therap y la y  th e r e . X -ray  
f i lm s  o f  th e  sm all bov/el in  t h e ir  four c a se s  showed a d e f ic ie n c y  
p a tte r n  in  one and c o n s id e r a b le  h y p e r a c t iv ity  in  an oth er . T h is , 
to g e th e r  w ith  th e  in c r e a se d  e x c r e t io n  o f  f a t  led  them t o  b e l ie v e  
th a t  th e  o r ig in  o f  th e  d iarrh oea  was a c u te  s te a to r r h o e a . They 
p o s tu la te d  th a t  th e  s te a to r r h o e a  r e s u lt e d  from d e f ic ie n c y  o f  
v ita m in  B com plex due to  d e s tr u c t io n  by a n t ib io t i c s  o f th e
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i n t e s t i n a l  b a c te r ia  w hich norm ally s y n th e s is e  th e  v ita m in . In  
C hapter I I I .  i t  was shown th a t  a n t ib io t i c s  were n ot very  e f f i ­
c ie n t  in  d e s tr o y in g  c o lifo r m s  in  th e  i n t e s t i n e .  I t  i s  th e r e fo r e  
u n l ik e ly  th a t  th e  s y n th e s is  o f  v ita m in  B was d istu rb ed  to  any 
e x te n t  in  th e  p r e sen t c a s e s .  A lto g e th e r  and p a r t ic u la r ly  in  
view  o f  th e  norm al f a t  a b so rp tio n  f in d in g s  in  th e s e  p a t ie n t s ,  
i t  i s  d i f f i c u l t  to  b e l ie v e  th a t  the d iarrh oea  i s  in  any way 
r e la t e d  to  th a t  of th e  sprue syndrome.
I
An i r r i t a n t  e f f e c t  o f th e  a n t ib io t i c  on th e  i n t e s t i n ­
a l  mucosa c a u sin g  i n t e s t i n a l  hurry s t i l l  seems th e  most l i k e l y  
e x p la n a tio n  f o r  th e  bulky and freq u en t s t o o l s .  A lthough  
measurement o f  the t r a n s i t  tim e in  the sm a ll in t e s t in e  d id  n ot  
show e v id en ce  o f  t h i s ,  th e  a r t i f i c i a l  barium m eal o f sm a ll bu lk  
was perhaps n o t  such  an e f f e c t i v e  stim u lu s to  p e r i s t a l s i s  as 
norm al fo o d .
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S e c t io n  2 . THE pH OF THE SALIVA
Prom th e  stu d y  i t  has emerged th a t  p a t ie n ts  tr e a te d  
w ith  th e  newer a n t i b io t i c s  fr e q u e n tly  had heavy growths o f  
Candida in  t h e  fa u c e s  and sputum. Some in c id e n ta l  change w ith in  
th e  body secondary to  a n t ib io t i c  therap y may have encouraged th e  
growth o f  y e a s t s .
I t  has been p o s tu la te d  th a t th e  u n u su a lly  a c id  s e c r e ­
t io n  in  th e  mouth o f  th e  young in fa n t  may be th e  p r in c ip a l  reason  
fo r  th e  h ig h  in c id e n c e  o f  o r a l th ru sh  in  in fa n cy  (B.M.J.  1950) .
In  an in v e s t ig a t io n  o f  n e o -n a ta l  th ru sh , Ludlam and Henderson 
(1940) found th a t  th e  pH o f  th e  s a l iv a  o f  th e  new-born in fa n t  
was around 5 .2  w hich, th ey  s a id , was th e  optimum pH fo r  th e  
growth o f  th e  th ru sh  fu n gu s. L i l ie n t h a l  (1950) showed th a t  some 
s y n e r g is t ic  a c t i v i t y  occurred between l a c t o - b a c i l l i  and Candida 
a lb ic a n s  in  exp erim en ta l c o n d it io n s  and th a t  t h i s  r e s u lte d  in  
in c r e a se d  a c id  fo rm a tio n . A s im ila r  c o n c lu s io n  was reached by 
F o sd ic k  and Hansen (1956) who in cu b ated  a m ixture o f  s a l iv a  and 
powdered d e n ta l  enam el. They found th a t  s a l iv a  c o n ta in in g  Lacto­
b a c i l lu s  a c id o p h ilu s a lo n e  d id  not d is s o lv e  th e  enamel but when 
”a y e a s t  i s o la t e d  from the mouth” was added, s u f f i c i e n t  a c id  was 
produced to  d i s s o lv e  i t .
I t  was d ec id ed  to  f in d  out i f  th e  pH o f  the s a l iv a  
changed d u rin g  a n t ib io t i c  therapy and i f  th e r e  was any rela tion sh ip
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betw een th e  s a l iv a r y  pH and th e  p resen ce  o f  Candida in  the  
fa u c e s .  In  th e  pneumonia p a t ie n t s ,  a lo n g  w ith  ta k in g  391  
th r o a t  swabs, I e stim a ted  the pH o f  th e  s a l iv a  w ith  B.D.H. in ­
d ic a to r  papers and th e  r e s u l t s  were c o r r e la te d  w ith  th e  growth 
o f  Candida from  th e corresp on d in g  th ro a t swab. In th e  112 swabs 
w hich were taken from p a t ie n t s  on terram ycin  th erap y , th e  s a l i ­
vary pH was c o r r e la te d  w ith  th e  amount o f terram ycin  th e  p a t ie n t  
had r e c e iv e d  and, f o r  purposes o f  com parison, th e  113 swabs taken 
from p a t ie n t s  on su lp h a d ia z in e  therapy were d e a lt  w ith  in  th e  
same way.
TABLE 25. -  pH OP SALIVA AND DOSE OP TERRAMYCIN.
PERIOD HUMBER OP pH READINGS
MEAN SALIVARY 
pH
Before Terramycin 26 6.4
Before Sulphadiazine 31 6.4
A fter 10 g . Terramycin 41 6.3
A fter 25 g . Sulphadiazine 42 6.3
A fter  14 .2  g . Terramycin 45 6.3
A fter 35 g . Sulphadiazine 40 6.3
The r e s u l t s  show th a t  the s a l iv a  d id  n o t become more
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a c id  d u rin g  terram ycin  (T able 25) . Furtherm ore, th e r e  was no 
undue p r e v a le n c e  o f  Candida w ith  any p a r t ic u la r  pH (T able 26) . 
The s l i g h t  d i f f e r e n c e s  n o ted  are  n o t s t a t i s t i c a l l y  s i g n i f i ­
cant (P » 0 .1 ); . In  th e  pH range 5 .5  to  6 . 1 ,  57 (30%) o f  th e  
189 th r o a t  swabs fu r n ish e d  a heavy growth o f  Candida w h ile  in  
th e  pH range 6 .4  to  7 . 0 ,  o n ly  35 (17%) o f  202 swabs had heavy  
grow ths. S in c e  t h i s






HUMBER OF THROAT SWABS WITH CANDIDA
Absent Scanty Heavy
5.5 44 26 ' 4 9% 14 32%
5.8 99 60 8
00 31 3196
6 .1 46 29 5 11% 12 26%
6 ,4 63 45 9 9 14$
6.7 75 49 13 17fo 13 17??
7.0 64 37 14 22# 13 20-fo
d if f e r e n c e  i s  o n ly  ij- tim es i t s  standard error o f i 9  i t  i s  not  
s i g n i f i c a n t .
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On 185 o c c a s io n s  th e  e s t im a t io n  o f  the s a l iv a r y  pH 
c o in c id e d  w ith  th e  c o l l e c t i o n  o f  a specimen o f  sputum from a 
p a t i e n t .  T ab le  27 shows th a t  th e  p resen ce  o f  Candida in  th e






NUMBER OP SPUTA WITH CANDIDA
Absent Scanty Heavy
5 .5 19 5 7 W 7 W o
5 .8 51 26 13 2(,% 12 23%
6 .1 21 10 5 21& 6
COCM
6 .4. 29 9 11 00 9 31#
6.7 36 15 11 31% 10 28%
7.0 29 15 6 21% 8 27%
sputum was not a s s o c ia t e d  w ith  any p a r t ic u la r  s a l i v a r y  pH.
In  th e  pH range 5 .5  t o  6 .1  25 (27$) o f  91 sputa  y ie ld e d  a heavy  
growth o f  Candida compared w ith  27 (29%)  o f  94 sputa  i n  th e  pH 
range 6 .4  to  7 . 0 .  In  th e  passage  o f  sputum through th e  mouth 
one would n o t  exp ect  th e  s a l i v a  to  a f f e c t  i t s  c o n ten t  o f  Candida.
The pH o f  th e  sputum i t s e l f ,  however, might have v a r ie d
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a c co r d in g  to  th e  p resen ce  o f  Candida. The pH was e s t im a ted  
d i r e c t l y  i n  48 sp u ta  whose y i e l d  o f  Candida was then  compared 
w ith  i t s  pH. T hese  pH r ea d in g s  extended in to  a more a l k a l i n e  
range than t h o s e  o f  th e  s a l i v a ,  32 (67$) o f  them b e in g  h igh er  
th an  7 . 0 .  As th e  numbers o f  sp uta  were r a th er  sm a ll ,  th e  r e s u l t s  
have been grouped i n  pH ranges as shown in  Table 28 . In t h e  pH
TABLE 28. -  pH OF THE SPUTUM AND CANDIDA IN SPUTUM.
SPUTUM NUMBER OP 
SPUTA 
(Total 48)
NUMBER CP SPUTA WITH CANDIDA
pH RANGE Absent Scanty Heavy
5.5 -  6.1 4 2 0 0$ 2 50$
6 .4  -  7 .0 12 3 H 00 8 67$
7.3 -  7 .9 16 9 4 25$ 3 19$
00•COI<M.CO 16 8 4 25$ 4  25$
range 5 .5  t o  7 . 0 ,  10 (63$) o f  16 sputa  had heavy growths o f  
Candida w h ile  in  th e  range 7 .3  to  8 .8 ,  on ly  7 (22$) o f  32 
sp u ta  had heavy grow ths. Thus more th an  h a l f  the  sputa  
w ith  heavy growths o f  Candida had a pH which f e l l  w i t h in  
th e  range o f  th a t  found in  th e  s a l i v a  in  th e  mouth. As no 
s a l i v a r y  pH w as f o u n d  a b o v e  7 , 0 ,  i t  s u g g e s t s  th a t  a c h a n g e  
o c c u r r e d  i n  t h e  pH o f  some o f  t h e  s p u t a  a f t e r
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t h e i r  c o l l e c t i o n .  Perhaps i t  was th e  p resen ce  o f  la r g e  numbers 
o f  y e a s t s  which p reven ted  th e  pH o f  the  other sp uta  from becom­
in g  a l k a l i n e  a l s o .
The f o r e g o in g  r e s u l t s  in d ic a t e  t h a t  th e  pH o f  th e  
s a l i v a  i s  not a l t e r e d  by o r a l  terram ycin  and a l s o  th a t  heavy  
growths o f  Candida may be obta in ed  over a c o n s id e r a b le  range o f  
s a l i v a r y  pH. The range o f  s a l iv a r y  pH in  the  p a t ie n t s  was from 
5 .5  to  7 . 0 .  Young, Resca and S u l l iv a n  (1951) found th a t  the  pH 
o f  t h e  s a l i v a  in  584 normal persons ranged from 5 .0  to  7 .5  and 
t h a t  most were between 6 .0  and 7 . 0 .  They found, to o ,  on c u l t u r e  
o f  th e  s a l i v a  th a t  248 (4 8 .6 $ )  were p o s i t i v e  fo r  Candida and the  
p e r ce n ta g e  o f  p o s i t i v e  y e a s t  c u l tu r e s  was h igh er  in  th o se  w ith  
more a c id  s a l i v a s .  The p r e sen t  f in d in g s  are  more in  keep ing  w ith  
th o s e  o f  Karnaky (1946) who in v e s t ig a t e d  41 c a se s  o f  m o n i l ia l  
v a g i n i t i s  and found t h a t  a l t e r a t i o n  o f  th e  v a g in a l  pH had no 
e f f e c t  on th e  growth o f  Candida. He a l s o  demonstrated th a t  Can­
did a  grew w e l l  a t  any pH on Sabouraud’ s medium. I t  seems u n l ik e ­
l y  th a t  th e  pH o f  th e  body f l u i d s  has any in f lu e n c e  fa v o u ra b le  or 
ad v erse  on th e  growth o f  Candida.
D ia r rh o e ic  s t o o l s  which are acid  are  a f e a tu r e  o f  
t r o p i c a l  sprue and la r g e  numbers o f  y e a s t s  are  fr e q u e n t ly  found 
in  t h e s e  s t o o l s .  In t h i s  c o n d it io n  the  s t o o l s  are a c id  because  
o f  unabsorbed f a t t y  a c id s  but in  t h i s  s e r i e s  o f  p a t i e n t s  the
e x c r e t io n  o f  f a t t y  a c id s  d id  n o t  in c r e a s e  during a n t i b i o t i c  
th era p y . The r e l a t i o n s h i p ,  t h e r e f o r e ,  between a c id  s t o o l s  and 
t h e i r  y i e l d  o f  Candida i s  probably in c id e n t a l  r a th e r  than  d ir e c t .
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CONCLUSION
In th e  sh o r t  space  o f  44 years  s in c e  E h r lich * s  d i s ­
covery  o f  sa lv a r s a n  th e  scope  o f  chemotherapy has expanded t r e ­
m endously. The most r e c e n t  impact on i t  has been th e  d is c o v e r y  
o f  t h e  broad-spectrum  a n t i b i o t i c s .  The f i e l d  o f  a n t i b i o t i c  
therap y  a lo n e  i s  now so v a s t  th a t  i t  i s  im p oss ib le  f o r  any one 
person  to  do more than s c r a tc h  i t s  su r fa c e .
The p r e se n t  i n v e s t i g a t i o n  has shown th a t  in  terram ycin  
we have a v a lu a b le  a d d i t io n  to  th e  l i s t  o f  chemotherapeutic  
a g e n ts .  I t  i s  an e f f e c t i v e  drug in  the treatm ent o f  pneumonia. 
I t s  a c t io n  i s  r e l i a b l e ;  i t  can be a d m in istered  e a s i l y  in  o r a l  
c a p su le s  and b e n e f i c i a l  r e s u l t s  are  obta ined  in  a l l  age groups. 
I t s  main advantage over  treatm en t w ith  su lp h a d ia z in e  and p e n i ­
c i l l i n  i s  th a t  i t  produces a more r a p id  su b s id en ce  o f  f e v e r .
The low in c id e n c e  o f  c o m p lic a t io n s ,  the  low death  r a te  and the  
l e n g t h  o f  tim e taken  fo r  the  pneumonic c o n s o l id a t io n  to  r e s o lv e  
were a l l  s a t i s f a c t o r y ,  a lth ou gh  e q u a l ly  s a t i s f a c t o r y  r e s u l t s  in  
th e s e  r e s p e c t s  were o b ta in ed  w ith  the c o n tr o l  treatm en t.
The r e s u l t s  have shown th a t  adequate therapy a lo n e ,  
however, does not ensu re  reco v ery  from pneumonia. C erta in  
f a c t o r s  which in f lu e n c e  th e  outcome in  pneumonia are  more impor­
ta n t  than th e  s p e c i f i c  drug used in  i t s  trea tm en t. These prog­
n o s t i c  f a c t o r s  a r e ,  th e  age of th e  p a t i e n t ,  the  le n g th  o f  tim e
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w hich e la p s e s  between the o n se t  o f  in f e c t i o n  and the i n s t i t u t i o n  
o f  chemotherapy, th e  p resen ce  o f  a b a c ter ia em ia , the e x te n t  o f  
th e  c o n s o l id a t io n  and the  p resen ce  o f  a s s o c ia te d  d i s e a s e ,  par­
t i c u l a r l y  the  degree  o f  e f f i c i e n c y  in  the c a r d io -v a s c u la r  system.
One d isad va n tag e  o f  t r e a t in g  p a t ie n t s  w ith  terram ycin  
i s  th e  h ig h  c o s t  o f  th e  drug compared w ith  t h a t  o f  sulphonamides 
or p e n i c i l l i n .  Another o b je c t io n  i s  th a t  a s tra ig h tfo rw a rd  case  
o f  pneumococcal pneumonia s c a r c e ly  warrants th e  u se  o f  such a 
p o te n t  drug as terram yc in . S u lp h a d ia z in e , supplemented by p e n i­
c i l l i n  where n e c e s s a r y ,  i s  p e r f e c t l y  adequate fo r  the  m ajor ity  
o f  c a s e s .  Terram ycin, however, w ith  i t s  wider range o f  a n t i ­
b a c t e r i a l  a c t i v i t y  i s  p r e fe r a b le  when the  i d e n t i t y  o f  th e  i n ­
f e c t i n g  organism  i s  in  doubt.
Terram ycin, from  th e  exp er ien ce  o f  t h i s  s tu d y , i s  f r e e  
from s e r io u s  c l i n i c a l  s i d e - e f f e c t s .  In th e  pneumonia s e r i e s  
t o x ic  r e a c t io n s  were uncommon but comparison o f  th e  s i d e - e f f e c t s  
in  th e  t u b e r c u lo s i s  s e r i e s  during an a n t i b i o t i c  course showed 
t h a t  terram ycin  was r a th e r  more t o x ic  than e i t h e r  ch loram phenicol  
or aureom ycin. G a str ic  u p se t  occurred in  about one th ir d  and 
d iarrh oea  in  two t h ir d s  o f  th e  terram ycin  group o f  t u b e r c u lo s i s  
p a t i e n t s .  The g a s t r i c  u p se t  was u s u a l ly  l im i t e d  t o  a f e e l i n g  o f  
nausea  and the  d ia r rh o ea , which was m ild , c le a re d  in  a l l  c a se s  
w ith in  a few days o f  d is c o n t in u in g  th e  drug.
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One e f f e c t  which a r i s e s  from the very e f f i c i e n c y  o f  
th e  newer a n t i b i o t i c s  a g a in s t  both  Gram p o s i t i v e  and Gram nega­
t i v e  organism s i s  th e  frequency  w ith  which th e  normal m ic r o f lo r a  
o f  t h e  r e s p ir a t o r y  and a lim entary  t r a c t s  i s  r ep la ced  by over­
growths o f  Candida a l b i c a n s . E lim in a tio n  o f  the s e n s i t i v e  bac­
t e r i a  a l lo w s  the  i n s e n s i t i v e  y e a s t s  to  grow f r e e l y  in  the m icro­
f l o r a .  The growth o f  Candida in  the p a t ie n t s  was shown not to  
be r e l a t e d  t o  the  age o f  the p a t ie n t  or to  the  presen ce  o f  
ch ron ic  c h e s t  d i s e a s e .  During and a f t e r  a n t i b i o t i c  therapy over ­
growths o f  y e a s t s  were most marked in  the  rectum where b e fo re  
trea tm en t i t  was rare  t o  f in d  a heavy growth of Candida. A l­
though heavy growths o f  Candida were not unusual in  the  sputum 
and th r o a t  b e fo r e  trea tm en t , the  p rop ortion  o f  p a t ie n t s  w ith  
such  growths was g r e a te r  a f t e r  a course  of a n t i b i o t i c .
Secondary i n f e c t i o n  w ith  r e s i s t a n t  s ta p h y lo c o c c i ,  s t i l l  
another example o f  th e  r e s u l t s  which may fo l lo w  a d is tu rb a n ce  o f  
th e  normal m ic r o f lo r a  by a n t i b i o t i c  therap y , did not appear in  
any o f  th e  p a t i e n t s .
In d im in ish in g  the  growth o f  i n t e s t i n a l  c o l i fo r m s  
t e r r a n y c in  was found to  be more e f f e c t i v e  than e i t h e r  chloram­
p h e n ic o l  or aureomycin but i t s  a c t io n  was not c o n s ta n t .  T his may 
have been due t o  the  f a c t  th a t  the  p a t ie n t s  r e c e iv e d  none o f  the  
adjuvant measures which reduce th e  c o n c e n tr a t io n  o f  b a c t e r ia  in
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th e  i n t e s t i n e  and thereby  in c r e a s e  th e  e f f e c t  o f  a n t i b i o t i c s .
The s ig n if ic a n c e  o f overgrowths of Candida in  the  
p a tien ts  who had s id e - e f f e c t s  to the a n tib io t ic s  i s  a matter 
fo r  sp ecu la tio n . The development o f black tongue i s  probably 
the r e s u lt  of Candida in fe c t io n . Diarrhoea is  re la ted  to yeasts  
but in  view of the many pneumonia p atien ts who had large quan­
t i t i e s  o f y ea sts  in  the rectum yet did not complain o f  diarrhoea* 
i t  is  u n lik e ly  that the overgrowth of Candida has any a e t i o l o -  
g ic a l bearing on diarrhoea.
Pat a b so rp tio n  from the i n t e s t i n e  was not d e f e c t i v e  
during a n t i b i o t i c  th erap y . A lthough unable  t o  prove i t ,  a d i r ­
e c t  i r r i t a n t  e f f e c t  o f  th e  a n t i b i o t i c  i t s e l f  seems th e  most 
r e a so n a b le  e x p la n a t io n  fo r  i t s  c l i n i c a l  s i d e - e f f e c t s .  T h is  
e f f e c t  on th e  mucosa o f  th e  a lim entary  t r a c t  would account fo r  
th e  g a s t r o - i n t e s t i n a l  u p s e t s .  A s im i la r  e f f e c t  on the  tongue  
and pharynx would e x p la in  the sore  tongue and sore  th r o a t ,  and 
the  i r r i t a t i o n  caused  by f l u i d  c o n ta in in g  a n t i b i o t i c  could  cause  
th e  a n o - r e c t a l  syndrome.
The i n v e s t i g a t i o n  has shown th a t  a sh o rt  c o u rse  o f  a 
s i n g l e  a n t i b i o t i c  i s  u n l ik e l y  to  be fo l lo w ed  by any s e r io u s  c l i n ­
i c a l  e f f e c t s ,  even  when i t  le a v e s  Candida a lb ic a n s  as th e  predom­
in a n t  organism  in  th e  m ic r o f lo r a .  In a t o t a l  o f  160 p a t i e n t s  
who r e c e iv e d  a co u rse  o f  a n t i b i o t i c ,  the on ly  c l i n i c a l  ev id en ce
1 6 8
o f  I n f e c t io n  w ith  Candida was b lack  tongue which occurred in  7 
(4 .5 $ )  . A f te r  the  course  of a n t i b i o t i c  heavy growths o f  Candi­
da, however, were p r e se n t  in  24 (42$) o f  th e  57 th r o a t  swabs 
examined, 48 (47$) o f  th e  103 sputa  and 88 (55$) o f  the  160 
r e c t a l  swabs or specim ens o f  f a e c e s .  Moreover, 75 o f  th o se  
p a t i e n t s  s u f fe r e d  from the  d e b i l i t a t i n g  d i s e a s e ,  pulmonary tub­
e r c u l o s i s ,  which might have been expected  to  render t h e i r  t i s s u e s  
more s u s c e p t ib l e  to  in v a s io n  by Candida.
I t  i s  one o f  the p r in c ip le s  o f  m ed ica l mycology th a t  
a fungus which i s  endogenous l ik e  Candida i s  o f  low p a th o g e n ic ity  
and o n ly  in va d es  th e  t i s s u e s  o f  the h o s t  when h i s  r e s i s t a n c e  to  
i n f e c t i o n  i s  lowered by some o th er  f a c t o r .  Thus thrush  i s  found 
p a r t i c u l a r l y  in  premature or marasmic i n f a n t s ,  in  a d u lts  w ith  an 
u n d e r ly in g  d i s e a s e  and in  th e  e ld e r ly  and d e b i l i t a t e d .
In th e  more w idespread m a n ife s ta t io n s  o f  m o n i l ia s i s  
the  same p r in c ip le  g e n e r a l ly  h o ld s .  Before th e  days o f  chemo­
th erap y , p a t i e n t s  w ith  a f a t a l  i l l n e s s  such as cancer commonly 
succumbed to  a b a c t e r i a l  i n f e c t i o n  l i k e  pneumonia, Fowadays the  
p r a c t i c e  o f  g iv in g  an a n t i b i o t i c  to  a p a t ie n t  w ith  s ig n s  o f  i n ­
f e c t i o n  whether or not he a lread y  has a f a t a l  i l l n e s s ,  makes i t  
u n l ik e l y  th a t  he w i l l  d ie  o f  a b a c t e r i a l  i n f e c t i o n .  The newer 
a n t i b i o t i c s  e l im in a te  the i n f e c t i n g  organism but the  y e a s t s  which 
remain may cause  th e  te r m in a l  i n f e c t i o n  to  be fu n g a l  ra th er  than
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b a c t e r i a l .  A c l o s e  p a r a l l e l  to  t h i s  type o f  i l l n e s s  i s  the i n ­
f e c t i o n  w i t h  Gram n e g a t iv e  organisms which o c c a s io n a l ly  fo l lo w s  
p e n i c i l l i n  tre a tm en t .  The Gram p o s i t i v e  organisms r e s p o n s ib le  
fo r  t h e  primary i n f e c t i o n  are e l im in a ted  by p e n i c i l l i n  but th e  
r e s i s t a n t  Gram n e g a t iv e  organisms which remain cause a secondary  
i n f e c t i o n .  T h is  form o f  r e - i n f e c t i o n  occurred in  four  p a t ie n t s  
rep o rted  by Sommer and Favour (1949) and r e s u l t e d  in  th e  death  
o f  two o f  them.
S im i la r ly ,  m o n i l ia s i s  i s  r a r e ly  a seq u e l  to  a s t r a i g h t ­
forward c a s e  w hich has been tr e a te d  w ith  a n t i b i o t i c s .  A r ec e n t  
r e p o r t  was p u b lish ed  by Brown e t  a l . ( 1 9 5 3 )  on th r e e  c a se s  o f  
f a t a l  m o n i l ia s i s  a f t e r  a n t i b i o t i c  therap y . These p a t ie n t s  were 
t y p i c a l  o f  th o s e  who d ie  o f  m o n i l ia s i s  in  th a t  they  did not  
s u f f e r  from a sim ple b a c t e r ia l  i n f e c t i o n  in  the f i r s t  p la ce  and 
a l l  had r e c e iv e d  s e v e r a l  c o u r ses  of a n t i b i o t i c  trea tm en t. The 
f i r s t  p a t i e n t  had a p l a s t i c  anaemia and th e  second had a p e r i ­
n ep h ric  a b s c e s s  secondary to  a p e r fo r a t io n  o f  the  duodenum which  
was found a t  a u top sy . The t h ir d  p a t ie n t  had su f fe r e d  chronic  
i l l  h e a l t h  fo r  t h i r t y  y ea rs  and was adm itted in  coma. In e s ta b ­
l i s h i n g  c o n d it io n s  favou rab le  fo r  the  overgrowth o f  Candida, th e  
a n t i b i o t i c s  no doubt c o n tr ib u te d  towards th e  f a t a l  i s s u e .  The 
main r e s p o n s i b i l i t y  fo r  d ea th , however, must l i e  w ith  th e  primary 
d i s e a s e  which a n t i b i o t i c  therapy a lon e  could  not have been
expected to  cure. The p atient w ith a grave underlying d isea se  
and w ith overgrowths o f Candida in  the m icroflora is  unable to  
r e s i s t  invasion  of the t is s u e s  by the fungus. In them, moni­
l i a s i s  merely hastens a death which was already in e v ita b le .
In con clusion , i t  may be stated  that Candida rarely  
becomes a pathogenic organism. N evertheless, the continuing  
widespread use of the a n tib io t ic s  must r e su lt  in  an in creasin g  
prevalence o f a n tib io t ic  r e s is ta n t  organisms such as Candida 
a lb ic a n s . Many of the present pneumonia p a tien ts were dismissed 
from h o sp ita l as early  as the fourteenth  day when they must s t i l l  
have been h eav ily  in fec ted  with Candida. Although the organism  
appears to be generally  harm less, the exposure o f young ch ildren  
in  the home to  Candida in fe c tio n  i s  not without r isk . Perhaps 
in  them, and e sp e c ia lly  in  d e b ilita te d  ch ild ren , Candida could 
more re a d ily  assume i t s  in vasive p rop erties.
The broad-spectrum  a n t i b i o t i c s  are extrem ely  pow erful  
weapons w ith  which to  combat d i s e a s e .  In t h e i r  b e n e f ic e n t  
potency  l i e s  a l s o  t h e i r  p o t e n t i a l  danger and co n seq u en tly  the  
a d m in is tr a t io n  o f  t h e s e  drugs should be r e s t r i c t e d  to  i n f e c t i o n s  
w hich warrant t h e i r  u s e .  The mere p o s s i b i l i t y  o f  m o n i l ia s i s  
should  be a warning a g a in s t  t h e i r  in d is c r im in a te  use  as prophy­
l a c t i c s  or fo r  minor i n f e c t i o n s .
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APPENDIX I .
DESCRIPTION OF TWO CASES OF PNEUMONIA
C l i n i c a l  d e t a i l s  are  g iv en  o f  two t y p i c a l  c a se s  o f  
pneumonia t r e a te d  w ith  terram ycin .
Case 1 . The p a t ie n t  was an e l e c t r i c a l  en g ineer  o f  23 y e a r s  
who was adm itted  on th e  f i r s t  day o f  i l l n e s s .  He complained o f  
a sudden o n se t  o f  p le u r a l  p a in , headache and r ig o r s  and had 
vom ited t w ic e .  He gave no h i s t o r y  o f  p rev io u s  ch est  i l l n e s s  and 
had r e c e iv e d  no treatm ent p r io r  to  adm iss ion .
On ad m iss ion  h is  tem perature was 102°F, p u lse  r a te  was
108 and r e s p ir a t io n s  40 (Chart 1) . He was sh arp ly  i l l  and h i s
tongue was dry and c o a te d .  Examination o f  th e  c h e s t  rev e a le d  
s ig n s  o f  c o n s o l id a t io n  a t  th e  r ig h t  b a se .  X-ray o f  c h e s t  showed 
pneumonic c o n s o l id a t io n  o f  th e  r ig h t  b a sa l  lo b e .  Sputum c u l tu r e  
y ie ld e d  pneumococcus type  2 .  Blood c u ltu r e  was s t e r i l e .  White 
blood  c e l l s  numbered 19,000/crrm w ith  94% polymorphs. Treatment 
was commenced w ith  Ig  terram ycin  s ix - h o u r ly .  A fte r  6g th e  dose  
was reduced t o  0 .5 g  s ix - h o u r ly ,  th e  t o t a l  dose b e in g  13g.
A fte r  24 hours h is  tem perature had f a l l e n  t o  99°P and 
he f e l t  much b e t t e r .  By th e  t h ir d  day h i s  tongue was c le a n ,
cough was lo o s e  and th e  p le u r a l  p a in  had alm ost gone. On th e  
s i x t h  day he go t up to  s i t  in  a c h a ir  and on th e  e ig h th  day h e  
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c l i n i c a l l y  clear* and he was d ischarged  on th e  fo u r te e n th  day. 
X-ray o f  c h e s t ,  however, d id  not show r e s o lu t io n  to  he com plete  
u n t i l  th r e e  weeks a f t e r  th e  o n se t  o f th e  pneumonia.
G ase_2. A r e t i r e d  sh ip *s  carp en ter  aged 69 years  was ad­
m itted  on th e  th ir d  day o f  i l l n e s s .  Two days p r e v io u s ly  he had 
d eve lop ed  an u n produ ctive  cough and had had s e v e r a l  r ig o r s .  He 
had s u f fe r e d  no p rev io u s  c h e s t  tro u b le  and had been given two 
t a b l e t s  o f  o r a l  p e n i c i l l i n  b e fo re  adm iss ion .
On adm ission  h i s  tem perature v/as 1 0 0 .2°F, p u lse  r a te  
was 84 and r e s p i r a t i o n s  24 (Chart 2 ) .  He appeared t o  be f a i r l y  
i l l  and h i s  tongue was l i g h t l y  co ated . C l i n i c a l  exam ination o f  
th e  c h e s t  showed s ig n s  o f  an e a r ly  c o n s o l id a t io n  in  the l e f t  
upper zone. C o n so l id a t io n  o f  th e  l e f t  upper lo b e  v/as confirmed  
on r a d i o l o g i c a l  exam ination . Pneumococcus type  8 was grown from, 
th e  sputum and blood c u l tu r e  was a l s o  p o s i t i v e  fo r  t h i s  organism; 
th e  pour p l a t e  showed 5 c o l s  . /m l .  The w h ite  c e l l  count was 
5 ,000 /cn m , 60% o f  which were polymorphs. He was g iven  terramy­
c in  l g  s ix - h o u r ly  fo r  8g then 0 .5 g  s ix -h o u r ly  to  a t o t a l  dose o f  
15g.
On th e  day a f t e r  adm ission  h is  temperature v/as normal 
and h i s  g e n e r a l  c o n d it io n  had improved. His ch est  was c l i n i c a l l y  
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He was d isch arged  a f t e r  24 days in  h o s p i t a l  hut h i s  c h e s t  was 
not c l e a r  r a d i o l o g i c a l l y  u n t i l  he r ep o rted  back one month a f t e r  
d is c h a r g e .
APPENDIX I I .
The t a b l e  on th e  f o l lo w in g  page g iv e s  d e t a i l s  o f  th e  
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Scab 
Forma­










Angle o f  
Mouth
Nose Chin Tongue
1 . 25 2 1 4 Yes 6 14 x X a. X Terram ycin
2 . 46 3 4 5 Yes 7 14 X X - X - - tt
3 . 56 7 2 6 No 9 21 - X - X - - tt
4 . 38 2 3 4 Yes 6 11 X X - - - - II
5 . 33 8 8 8 No 10 15 a. a. X .. a. II
6 . 57 5 4 5 No 7 11 - - X a. a. a. II
7 . 37 2 3 6 Yes 8 14 X X - •» X a. II
8 . 48 5 3 5 No 9 15 X - - - - - tl
9 . 57 2 3 5 Yes 9 16 X X a. a. X a. tt
10 . 35 2 4 5 Yes 9 12 X X - M X a. II
11 . 35 3 3 4 No 5 10 X — a. a. a. II
12 . 52 5 2 3 No 5 7 X -■ - - - II
13. 46 5 4 7 Yes 9 14 X a. X X a. , - II
14 . 35 2 2 4 Yes 7 12 X - X » a. ■a t!
15 . 46 4 4 6 Yes 8 16 X X - X a. _ II
16. 41 4 3 4 No 6 9 - - X - - - II
17 . 52 1 D-2 4 Yes 7 14 a. X X a a. M* II
18 . 67 4 2 3 No 6 10 X X - X - — S .D .
19 . 53 1 4 5 Yes 7 10 « X - - - — S .D . 4 Pen.
2 0 . 62 4 6 7 Yes 10 18 X - - X - S.D .
2 1 . 51 5 1 3 No 8 13 X _ ■a mm mm mm S .D .
! 2 2 . 68 8 11 12 Yes 15 21 X X - X X a. S .D .
1 2 3 . 52 5 7 8 Yes 11 15 X X - — - — S .D . 4 Pen.
! 24 . 37 1 3 3 Yes 5 11 X X - - - - S.D .
! 25 . 22 4 4 4 No 6 8 a. X a. <a a. a. S.D .
2 6 . 31 3 4 5 Yes 7 14 X X - X X - S.D .
27 . 62 11 7 12 Yes 14 21 X X a. a. - - S.D .
| 28 . 52 8 6 8 No 11 16 X - - X - - S .D . 4 Pen.
i
I 29. 28 2 2 3 Yes 5 12 X a. mm a a. M S.D . 4 Pen,
1 30 . 21 3 4 5 Yes 10 17 X - X a> a. S.D .
3 1 . 59 4 5 6 Yes 8 13 X X mm a. a. S.D .
! 32 . 58 5 7 7 Yes 8 12 - X a. a. — S .D .
1 3 3 . 30 2 4 5 Yes 6 12 - X - - - S.D .
x  -  Involved
* not in v o lv e d
1 7 5
APPEKDIX I I I .
OPHTHALMOPLEGIA WITH CHLORAMPHENICOL
One p a t ie n t  in  the  t u b e r c u lo s i s  s e r i e s ,  when ques­
t io n e d  about the  s i d e  e f f e c t s  o f  ch loram phenicol m entioned th a t  
towards th e  end o f  th e  course  he had ex p er ien ced  d i f f i c u l t y  in  
r e a d in g .  The words became b lurred  and a lth o u gh  he was a b le  to  
resume r ea d in g  a f t e r  r e s t i n g  th e  e y e s ,  th e  p r in t  soon became 
b lu rred  a g a in .
The syndrome o f  muscle f a t ig u e  w ith  t r a n s i e n t  o p h th a l­
m oplegia  as a s i d e - e f f e c t  o f  ch loram phenico l was rep orted  by 
Gray (1 9 5 0 ) .  I t  was dec id ed  to  r ep ea t  on t h i s  p a t i e n t  some o f  
Gray»s i n v e s t i g a t i o n s .
METHOD
The p a t ie n t  was g iv en  a second c o u r se  o f  chloramphen­
i c o l ,  I g  s ix - h o u r ly  fo r  a t o t a l  dose  o f  16g i n  fo u r  d ays . The 
f o l lo w in g  o b s e r v a t io n s  were made b e fo r e ,  d u r in g  and a f t e r  th e  
c o u r se .
Near p o i n t . With one eye co vered , a card w ith  two p in  
p r ic k s ,  2mm a p a r t ,  was p la ced  In fr o n t  o f  th e  o th er  e y e .  A 
p e n c i l  p o in t  h e ld  some d is ta n c e  away from th e  eye was g r a d u a lly  
brought n ea rer  u n t i l  i t s  image appeared d ou b le . The d i s ta n c e  
between t h e  p e n c i l  and the eye was measured. The mean o f  th r e e
1 7 6
r ea d in g s  was taken  as th e  near p o in t .
2 . S k e l e t a l  muscle f a t i g u e . A 141b. w eight was p la ced  in  
the  palm o f  th e  hand a t  arm’s le n g th  and the p er iod  d u r in g  which  
th e  p a t ie n t  could m ain ta in  t h i s  p o s i t i o n  b efore  dropping h i s  a m  
was tim ed w ith  a s to p  watch. A mean o f  th ree  r ea d in g s  was r e -  
c or d e d .
At th e  same tim e as t h e s e  t e s t s  were b e in g  made, th e  
p a t i e n t  was asked to  read from a newspaper and any s u b j e c t iv e  
changes in  v i s i o n  were d i s c u s s e d .
RESULTS
These are shown in  the ta b le . The in creasin g  d istance  
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Before Chlor. 8 8 24 15 V ision  Normal
A fter  5 g . 14 14 12 12 V ision  Normal
A fter 8 g. 15 21 9 6 Blurring of small p rin t 
on concentration
A fter  11 g. 25 31 8 6 Blurring o f near and 
d istan t v is io n
2 Days a fte r  
d iscontin u ing  
Chlor.
10 8 .5 12 14
V ision  normal 15 hours 
a fte r  discontinuing  
drug
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o f  th e  near p o in t  from the  eye in d ic a te d  th a t  t h e r e  was weak­
n e ss  o f  accommodation o f  the  eye during the  course  o f  c h lo r ­
am phenicol. S im i la r ly  th e  d im in ish in g  tim e which th e  p a t i e n t  
cou ld  hold  a 141b. w eight showed th a t  th e r e  was weakness o f  the  
arm m u sc le s .  A lthough th e  experim en ta l erro r  i n  the  second  
t e s t  i s  probably q u ite  la r g e  th e r e  does appear to  be ev id en ce  
t h a t  th e  f a t i g u e  a f f e c t e d  the s k e l e t a l  m uscles as w e l l  as th e  
c i l i a r y  m uscle o f  th e  eye .
over and he con sid ered  th a t  th e  a n t i b i o t i c  in t e r f e r e d  w ith  
m uscle m etabolism . The e f f e c t  on v i s i o n  i s  m erely annoying and 
on s k e l e t a l  m uscles i s  unimportant in  a p a t ie n t  who i s  con fin ed  
to  bed. N e v e r th e le s s ,  as Gray p o in ted  o u t ,  should th e  c o n d it io n  
extend to  the myocardium th en  i t s  e f f e c t s  could  be s e r io u s ,  
e s p e c i a l l y  in  o ld  or dangerously  i l l  p a t i e n t s .
Gray found t h a t  t h i s  t o x i c  r e a c t io n  o f  chloram pheni­
c o l  c o in c id e d  w ith  ch loram phenico l blood
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APPENDIX IV .
THE FAECAL FAT RESUIiTS
D e t a i l s  o f  th e  f a e c a l  f a t  r e s u l t s  a re  g iven  below. 
The d a i ly  r ea d in g s  a r e  expressed  as th ree -d a y  a v e r a g e s .  The 
mean o f  each day and th e  two su c c e e d in g  days was c a lc u la t e d ,  
assum ing th a t  food and drug taken on one day were s t i l l  b e in g  
e x cr e te d  on th e  two f o l lo w in g  days.
""Volume o f  F aeces "Excretion o f E x c r e t io n  o f  E at
Case Day m l. P a t ty  Acid g. g/lOOml. fa e c e s
I . 1 90 3 .2 9 3 .6 5
2 120 3 .8 3 3 .3
3 160 4 • 04 2 .8 3
4 187 3 .6 2 2 .0 0
5 253 3 .2 6 1 .7
6 213 2 .4 1 1 .27
7 213 2 .9 4 1 .57
8 147 2 .94 1 .9 7
9 193 3 .6 9 1 .97
10 203 3 .6 7 1 .8 5
11 250 3 .9 2 1 .5 5
12 240 3 .7 1 .5
13 240 3 .7 1 .5
14 232 3 .6 5 1 .4 2
I I . 1 120 2 .5 9 2 .3 7
2 110 1 .5 2 1 .43
3 107 1 .4 5 1 .4
4 90 1 .49 1 .6
W ' ----------T3B 1 .9 1 1 .4 5
6 225 2 .8 5 1 .7 5
7 323 3 .2 8 1 .1
8 320 3 .0 1 0 .9 7
9 ’ ------ - ”367 ' 0 .7 7
10 260 1 .8 4 0 .7 5
11 327 2 .5 5 0 .7 2
12 275 1 .89 0 .7 2
13 350 2 .3 0 .7 0
_ L L 4 290 2 .2 0 .6 9
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Case Day
Volume o f  Faeces  
ml.
E x c r e t io n  o f  
P a t ty  Acid g.
Excr eT ion 'oT ‘TaTT 
g/lOOml. f a e c e s
I I I . 1 227 3 .8 9 1 .4
2 230 3 .6 1 1 .57
3 277 3 .6 8 1 .4 7
4 217 2 .94 1 .37
5 290 3 .1 9 1 .2 7
6 327 2 .7 5 0 .9 0
7 497 3 .1 1 0 .67
8 453 3 .1 5 0 .77
9 393 3 .5 5 1 .43
10 193 2 .9 1 1 .4 0
11 163 2 .5 1 1 .6 8
12 213 2 .3 1 1 .12
13 240 2 .29 0 .9 2
14 280 2 .8 8 1 .0
IV. 1 197 2 .5 6 1 .37
2 170 1 .99 1 .27
3 125 1 .7 0 1 .4
4 175 1 .97 1 .2 5
5 285 2 . 0 8 0 .75
6 270 2 .2 0 0 .83
7 297 1 .8 8 0 .8
8 237 2 .3 1 0 .97
9 297 2 .3 8 0 .83
10 230 1 .7 8 0 .8 7
11 233 1 .89 0 .9
12 107 1 .46 1 .85
13 • 90 1 .49 2 .2 7
14 40 1 .3 8 3 .4 5
1 8 0
Case Day
Volume ox Faeces  
m l,
Y x c r e t  Ion oY 
F a t ty  Acid g.
E x c r e t io n  o f  "Fat 
g/lOOml. fa e c e s
V. 1 187 4 .6 0 2 .4 3
2 220 3 .9 1 1 .8 0
3 137 3 .4 3 2 .4 2
4 340 4 .4 8 2 .1 2
5 547 5 .0 3 1 .8 5
6 703 5 .3 1 0 .8
7 693 5 .0 5 0 .7 7
8 587 4 .3 3 0 .7 7
9 530 3 .8 7 0 .77
10 530 3 .7 9 0 .7 3
11 517 4 .1 1 0 .8
12 575 4 .4 2 0 .7 5
13 540 4 .3 7 0 .8
14 520 4 .3 5 0 .7 8
VI. 1 80 2 .5 9 3 .3 3
2 80 2 .3 4 3 .0 0
3 120 2 .8 7 2 .6 7
4 197 3 .0 5 2 .0 0
5 227 2 .6 9 1 .27
6 260 2 .0 6 0 .83
7 193 1 .6 3 0 .93
8 263 2 .3 4 0 .97
9 210 2 .2 7 1 .1 8
10 317 2 .83 0 .9 8
11 303 2 .4 8 0 .8 8
12 430 2 .71 0 .6 5
13 440 2 .4 5 0 .6
14 410 2 .4 2 0 .5 7
1 8 1
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